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Introduction: Neck pain represents one of the most frequent musculoskeletal 
disorders, with a huge impact in terms of health-care costs and subjects’ disability. 
Sensitization mechanisms are claimed to play a role in whiplash associated disorders 
(WAD), while its relevance in mechanical neck pain (MNP) is still controversial. 
Aim: To aims of the present PhD project were: 
1) To compare distribution of  TrPs in the suboccipitals, upper trapezius, 
levator scapulae, temporalis, supraspinatus, infraspinatus, deltoid and 
sternocleidomastoid muscles between subjects with WAD and MNP.
2) To investigate if manual therapy (MT) produces different effects between 
the two groups.
3) To investigate the relationship between clinical (neck pain intensity, neck-
related disability, pain area) and  psychophysical (quantitative sensory 
testing (QST) using pressure pain thresholds (PPTs)) outcomes in the two 
groups.
4) To evaluate the role of active TrPs on clinical and QST outcomes in the 
two groups as well as in a mixed neck pain subjects group.
5) To investigate the relationship between health history and sensitization in 
neck pain.
Studies: The difference in the distribution of  TrPs in neck and shoulder muscles 
between WAD and MNP subjects was studied in the first paper. In the second one, 
the response to MT treatment in the two groups was studied. Then, correlations 
between clinical and psychophysical outcomes were  studied in the two groups. The 
role of active TrPs on sensitization levels was also assessed. Finally, the role of 
health history (comorbid medical conditions, prolonged medication intake, surgical 
operations, comorbid musculoskeletal pain conditions) on sensitization in neck pain 
subjects was studied in the last paper. 
Results: Active TrPs are more prominent in WAD than in MNP, which could 
confirm the idea that WAD subjects are more sensitized than MNP subjects (TrPs 
are claimed to be generators/perpetuating of sensitization mechanisms). 
Nevertheless, the WAD and MNP subjects exhibited similar improvements in the 
short term with MT treatments. Furthermore, the correlations between clinical and 
psychophysical outcomes were similar between the two groups, and in both groups 
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the presence of active TrPs was related to higher neck pain intensity, neck-related 
disability, and lower PPTs. Finally, in neck pain subjects, the duration of health 
history conditions was associated with lower PPTs (signs of sensitization). 
Conclusions: Sensitization mechanisms, although not clearly diagnostically defined, 
may be present in both WAD and MNP patients, although greater signs of 
sensitization may be found in WAD patients. This does not necessary limits the 
response to MT treatment in the short term. Active TrPs seems to be associated with 
higher sensitization in patients in both groups. Health history should be investigated 




Indledning: Nakkesmerter er en af de mest hyppige lidelser i bevægeapparatet, de 
medfører en stor udgift for sundhedsvæsenet, ligesom de betyder 
funktionsnedsættelser hos den enkelte person. Det hævdes, at 
sensibiliseringsmekanismer spiller en rolle i piskesmældsrelaterede lidelser 
(whiplash-associated disorders, WAD), mens disse mekanismers indvirkning på 
mekaniske nakkesmerter (mechanical neck pain, MNP) stadig er omdiskuteret. 
Formål: Formålet med denne ph.d.-afhandling er: 
1) At sammenlige fordelingen af triggerpunkter i suboccipitale muskler, den 
øverste del af trapezius, levator scapulae, temporalis, supraspinatus, 
infraspinatus, deltoideus og sternocleidomastoid-musklerne hos patienter 
med henholdsvis WAD og MNP
2) At undersøge om manuel terapi (MT) har forskellig virkning hos de to 
grupper
3) At undersøge sammenhængen mellem kliniske (smerteintensitet, 
funktionsnedsættelser relateret til nakkesmerter og smerteudbredelse) og 
psykofysiske (kvantitativ sensorisk testning) målinger hos de to grupper 
med tryksmertetærskler som effekt 
4) At vurdere aktive triggerpunkters betydning for kliniske målinger og 
kvantitative sensoriske tests hos såvel de to grupper som hos en gruppe af 
forsøgspersoner med blandede nakkesmerter
5) At undersøge sammenhængen mellem sygehistorie og sensibilisering 
Studier: Det første studie undersøgte forskellen på fordelingen af triggerpunkter i 
nakke- og skuldermuskler hos WAD- og MNP-forsøgspersoner. Det næste studie 
undersøgte responsen til manuel terapi. Dernæst undersøgtes sammenhængen 
mellem resultaterne af de kliniske og psykofysiske tests for de to grupper. Hertil 
kom en vurdering af aktive triggerpunkters betydning for sensibiliseringsniveauerne. 
Endelig blev sygehistoriens (fx samtidige medicinske lidelser, vedvarende indtag af 
medicin, operationer eller samtidige lidelser i bevægeapparatet) betydning for 
sensibilisering hos patienter med nakkesmerter undersøgt. 
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Resultater: Aktive triggerpunkter er mere fremtrædende i WAD end i MNP, hvilket 
synes at bekræfte, at WAD-patienter er mere sensibiliserede end MNP-patienter (det 
hævdes at triggerpunkter genererer/vedligeholder sensibiliseringsmekanismer). 
Desuagtet udviste WAD- og MNP-patienterne ens forbedringer på kort sigt efter 
behandlinger med manuel terapi. Endvidere var korrelationen mellem kliniske og 
psykofysiske resultater ens for de to grupper, og i begge grupper kunne forekomsten 
af aktive triggerpunkter relateres til højere nakkesmerteintensitet, nakke-relateret 
funktionsnedsættelse og lavere tryksmertetærskler. Endelig var varigheden af 
sygdomsepisoder forbundet med lavere tryksmertetærskler (tegn på sensibilisering). 
Konklusioner: Selvom sensibiliseringsmekanismer ikke er klart diagnostisk 
defineret, kan de være til stede hos både WAD- og MNP-patienter, selvom der kan 
findes større tegn på sensibilisering hos WAD-patienter. Dette begrænser ikke 
nødvendigvis responset til behandling med manuel terapi på kort sigt. Aktive 
triggerpunkter synes at være forbundet med højere sensibilisering hos begge 
grupper. Sygdomshistorien bør undersøges, da denne kan afsløre hvilke patienter, 
der er mere tilbøjelige til at udvise tegn på sensibilisering. 
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Widespread pressure pain hypersensitivity, health history, and trigger points in 
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Neck pain is considered  as one of the most frequent complaints in the general 
population, it is the fourth leading cause of disability, and it has a 12-month 
prevalence of 30%-50% (Hogg-Johnson et al., 2008).
It’s a condition that tends to be recurrent or persistent, with up to 85% of people 
suffering from ongoing pain for many years after the first episode (Carroll et al., 
2008).
It’s nature is often chronic episodic, with episodes occurring with some periods of 
recovery in between episodes (Hoy et al., 2014).
Specific serious pathology (e.g. tumors, infections, spinal pathology) may provoke 
neck pain, but they goes beyond the scope of the present project and will not be 
discussed.
The present project studied two very common neck pain populations: 1) subjects 
with whiplash-associated disorders (WAD) (i.e. traumatic neck pain), and 2) 
subjects with mechanical neck pain (MNP) (i.e. nonspecific or idiopathic neck pain). 
These two groups of neck pain subjects, have a different pathogenesis, and different 
as well as common mechanisms may be underlying these two pain conditions.
Increasing evidence suggests that the clinical picture of neck pain subjects may be 
very different between different subjects, and many factors may influence it (e.g. 
physical factors, psychological factors, sensitization mechanisms, environment).
However, a  better understanding of the signs, symptoms, and mechanisms 
underlying neck pain conditions is necessary, to convey novel findings from clinical 
and experimental neck pain studies to the clinical setting, improving the quality of 
assessment and treatment of this very common pain condition.
1.2 Aims of the project 
In WAD and MNP most of the signs and symptoms experienced by subjects affected 
by neck pain are commons (neck/arm pain, headache, dizziness, shoulder pain, 
stiffness, numbness, sleeping difficulties, fatigue and cognitive deficits) (Hogg-
Johnson et al., 2008), but the severity of symptoms may be influenced by the degree 
of sensitization of the pain system. In WAD subjects evidence support the presence 
of central sensitization (CS), while in MNP subjects more conflicting results are 
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found (Johansen et al., 1999, Curatolo et al., 2001, Sterling et al., 2003a, Malfliet et 
al., 2015, Javanshir et al., 2010, Stone et al.,2013).
Many aspect of neck pain may have a relationship with the degree of sensitization: 
the peripheral nociceptive input (e.g. Trigger Points (TrPs), zygapophyseal joints), 
the clinical presentation (neck pain intensity, neck-related disability, pain area), the 
response to treatment (e.g. manual therapy (MT) and exercises), psychological 
factors, and the general health status (prolonged medications intake, comorbid 
medical conditions, comorbid musculoskeletal pain conditions, previous surgical 
operations).
The aims of the present PhD project were:
1) To compare distribution of TrPs in the suboccipitals, upper trapezius, 
levator scapulae, temporalis, supraspinatus, infraspinatus, deltoid and 
sternocleidomastoid muscles between subjects with WAD and MNP.
2) To investigate if MT produces different effects between the two groups.
3) To investigate the relationship between clinical (neck pain intensity, neck-
related disability, pain area) and psychophysical (quantitative sensory 
testing (QST) using pressure pain thresholds (PPTs)) outcomes in the two 
groups.
4) To evaluate the role of active TrPs on clinical and QST outcomes in the 
two groups as well as in a mixed neck pain subjects group.
5) To investigate the relationship between health history and sensitization in 
neck pain.
Figure 1 summarizes the outline of the research project.
1. INTRODUCTION
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Neck pain is considered to be an unpleasant sensory and emotional experience in the 
region of the neck, associated with actual or potential tissue damage, or described in 
terms of such damage (Merskey and Bogduk, 1994).
Burden of disease rankings are based on how much death and disability causes each 
disease, and neck pain is classified as the 4th cause of years lived with disability by 
the Global Burden of Disease studies GBD (Hoy et al., 2014), and a recent update 
from the same group concluded that lower back and neck pain was the leading 
global cause of disability in 2015 in most countries (Vos et al., 2016).
It represents one of the most frequent musculoskeletal disorders, second only to low 
back pain in terms of cost and prevalence (Ferrari and Russell, 2003, Childs et al., 
2011), increasing in both the general population and specific occupational groups 
(Hogg-Johnson et al., 2008) and with a major socio-economical impact with 
substantive direct and indirect costs (Borghouts et al.1996, Korthals-de Bos et al. 
2001).
In fact, neck pain seems to be more common among lower socio-economics status 
groups, in subjects performing repetitive, static or physically demanding work, those 
with previous neck trauma, and among those suffering from depression and 
headache (Cotè et al., 2003).
Further, women seems to have a higher prevalence of neck pain (Haldeman et al., 
2010), and getting older does not seem to increase the chance of development of 
neck pain (Fejer and Leboeuf-Yde, 2012).
Neck pain is usually first experienced in childhood or adolescence (Ståhl et al., 
2004, Vikat et al., 2000), and it is associated with high rates of recurrence (Luime at 
al. 2005, Bot et al., 2005), and chronicity (Childs et al., 2011).
Its impact on individuals every-day life is huge, as subjects may have difficulties 
with driving a car, turning the head, working on a computer (Haldeman et al., 2010; 
Guzman et al., 2008), and in having a normal ability to participate in work, social 
and sporting environment (Manchikanti et al., 2009).
Its annual prevalence (number of individuals with a disease at a given time point) 
among the general and workforce populations is of 30% to 50% (Hogg-Johnson et 
al., 2008), this variability is partially due to the considerable methodological 
heterogeneity (e.g. case definition, recall period used, age and sex distribution, 
sample size, diagnostic criteria) across studies. 
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A systematic review concluded that genetics, poor psychological health, and 
exposure to tobacco are risk factors for neck pain, and that disc degeneration was 
not a risk factor, casting doubts on the importance of the tissue damage on the 
development of neck pain (Hogg-Johnson et al., 2008).
Further, a history of low back pain, poor self-assessed health, poor psychological 
status (Hogg-Johnson et al., 2008, Carroll et al., 2008), low job satisfaction, 
sedentary work postures, a bad work environment (e.g. mouse position or seat 
position), ethnicity, smoking (Haldeman et al., 2010, Cotè et al., 2008) have been 
found to be associated with the onset of neck pain.
The estimated 1-year incidence (number of new cases of a disease in a given time 
period) from available studies ranges between 10.4% and 21.3% (Ehrmann et al., 
2002, Ståhl et al., 2004) with a higher incidence in office and computer workers 
(Cotè et al., 2008).
A previous review of the course and prognosis of neck pain found that 50-85% of 
individuals which experience an episode of acute neck pain, will report neck pain 1-
5 years later (Carroll et al., 2008).
It’s often characterized by exacerbations, and more than one third of patients with 
neck pain will develop chronic symptoms (Cotè et al., 2004), substantially 
increasing health care costs, work absenteeism, and loss of productivity (Cotè et al., 
2008).
An important finding that can help in understanding why so many patients with neck 
pain or low back pain develop chronic or recurrent pain, may be that with pain 
resolution, the muscle function does not recover spontaneously, but needs to be 
specifically re-educated (Sterling et al., 2003b).
Factors associated with poor outcomes include previous neck injury, high pain 
intensity, self perceived poor general health, fear avoidance, and getting angry or 
frustrated (Carroll et al., 2008).
2.2 Aetiology
Interpretation of neck pain studies is complicated, as there is a huge variation in the 
way neck pain is classified in the literature, with more than 300 definitions for neck 
pain, differences regarding the considered anatomical region (e.g. ‘neck’, ‘neck and 
shoulder’, ‘neck and upper thoracic’), or the recall period used (e.g. ‘current neck 
pain’, ‘one-year’, ‘ lifetime’) (Guzman et al., 2008).
Different tissues and structures (e.g. muscles, joints, nerves, discs, ligaments) may 
be involved in neck pain, and they can be irritated or injured by a trauma, poor 
posture, mechanical stress, or repetitive movements (Carroll et al., 2009).
                 2. NECK PAIN
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Often it has a  multifactorial aetiology, with non-modificable risk factors (i.e. age, 
sex, genetics), and modificable risk factors (e.g. smoking, psychological aspects, 
type of work, physical activity participation). Common degenerative structural 
changes are not considered a risk factor for the development of neck pain (Haldeman 
et al., 2010).
Nevertheless, often the source of neck pain is often not identifiable, and when 
structural abnormalities are found (e.g. joint degeneration, intervertebral disc space 
narrowing, spondylosis), they are more related to aging than to clinical presentation 
(considered physiological aging degeneration) (Haldeman et al., 2010).
Furthermore, often no underlying structural pathology is usually found (Sheather-
Reid and Cohen, 1998) and many environmental, personal, psychosocial factors may 
influence the onset and the development of neck pain (Guzman et al., 2008, 
Haldeman et al., 2010).
All these factors may contribute to the overall clinical picture, and it can be hard to 
ascertain which tissue is the responsible of the symptoms experienced by the subject 
(Apkarian et al., 2009).
In absence of a previous neck trauma, the aetiology of chronic neck pain is non-
specific, and it is not associated with tissue pathology (Bogduk, 1999), but more 
related to neck dysfunction, psychological status, social status, poor posture, and 
increased activation of the neck and shoulder muscle resulting in higher levels of 
mechanical loading on the cervical spine (Szeto et al., 2005).
Despite the huge variability of neck pain classification in the literature, in the 
present project were considered neck pain subjects presenting with neck/shoulder 
pain with cervical symptoms provoked by sustained neck postures, neck movements, 
or palpation of the cervical spine. 
At the time of assessment/treatment, the assessor was blinded to subjects history of 
neck pain. Subsequently, subjects were divided into WAD or MNP  according to 
their history of neck pain, after that all assessment/treatment had been performed. 
All neck pain subjects were chronic, included regardless the degree of chronicity of 
neck pain, but they had to be symptomatic since at least 3 months at the time of 
evaluation. This gave a final result of two sample of neck pain subjects (WAD and 
MNP) of various symptoms duration, similar to what is often seen in every day 
practice . In fact, many subjects with neck pain, reports symptoms since a long 
period, with or without period of remission between acute phases.
When peripheral tissues are damaged, overloaded, or inflamated, nociceptive and 
non-nociceptive informations arising from these tissues undergo modulation in the 
central nervous system (CNS).  
As in many other musculoskeletal pain syndrome, central hypersensitivity may play 
an important role in the development of chronic neck pain (Nijs et al., 2010): the 
SENSITIZATION IN NECK PAIN: A COMPARISON BETWEEN WHIPLASH-ASSOCIATED DISORDERS AND 
MECHANICAL NECK PAIN
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pain may persist after normal tissue healing, without any nociceptive input, or be 
exaggerated in relation to the nociceptive input.
This can be a possible explanation the low correlation between symptoms and tissue 
damage/pathology often present in neck pain subjects: a better understanding of the 
role of sensitization mechanisms on neck pain and which factors may drive pain 
sensitization has been studied in the present thesis.
According to the International Association for the Study of Pain (IASP), peripheral 
sensitization is defined as: ”Increased responsiveness and reduced threshold of 
nociceptive neurons in the periphery to the stimulation of their receptive fields” and 
the definition of CS is, “Increased responsiveness of nociceptive neurons in the CNS 
to their normal or sub-threshold afferent input” (Merskey and Bogduk, 1994). 
The term “central sensitization” may for many purposes be a too broad term from a 
mechanistic point of view as “central” may refer to (1) ipsilateral sensitization 
associated with the local nociceptive focus, (2) segmental sensitization contralateral 
to the local nociceptive focus, (3) extraterritorial spreading sensitization around local 
nociceptive focus, or (4) generalised widespread sensitization. In the following text 
the broader terminology “central sensitization”  may be used referring to central 
hypersensitivity.
2.3 Whiplash-associated disorders (WAD)
Whiplash is an acceleration-deceleration mechanism of energy transfer to the neck, 
which is usually a result of rear-end or side-impact motor vehicle collisions, but can 
also occur from other injury types (Spitzer, 1995).
The various symptoms experienced by people involved in such injuries, is called 
WAD, and represent a large public health problem associated with high socio-
economic costs (Spitzer, 1995), as the number of subjects presenting WADs related 
to motor-vehicle accidents has been increasing over the last 30 years (Haldeman et 
al., 2010).
The Quebec Task Force (QTF) developed a classification system of WAD, in which 
patients are classified from grade 0 to IV, going from no complaints and no physical 
signs, to fracture in the neck (Spitzer, 1995) (Table 1).
The most common symptoms in whiplash patients are neck/arm pain, headache, 
dizziness, stiffness, numbness, sleeping difficulties, tinnitus, fatigue and cognitive 
deficits (Spitzer, 1995, Manchikanti et al., 2009), and due to such a variability of 
symptoms not isolated in the neck, it can be considered a general illness instead of a 
local condition (Ferrari et al., 2005).
Recover tends to happen in the first 3 months after injury, with little improvement 
following this first stage (Sterling et al., 2010). Different factors associated with 
                 2. NECK PAIN
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poor recovery have been identified: high initial neck pain intensity and neck-related 
disability, catastrophizing, age, post-traumatic stress symptoms, low self-efficacy 
and cold hyperalgesia (Goldsmith et al., 2012, Walton et al., 2013; Ritchie and 
Sterling, 2016), and validated (Sterling et al., 2012).
In fact, there is a large proportion of subjects (around 50%) which develops chronic 
symptoms up to a year following injury (Carroll et al., 2008).
This is often not related with the tissue injury itself, but is more related to 
dysfunction of the pain processing system, which may cause exaggerated pain 
responses which can persist even after removal of the peripheral noxious input or 
healing of the injured tissue (Curatolo et al., 2011a).
Further, if tissue lesion is present, does not necessary mean that this (i.e. facet joints, 
intervertebral discs, vertebral artery, dorsal root ganglia and muscles) is causing the 
symptoms: clinical research on the association between tissue lesion and symptoms 
is lacking (except for facet joints, which have been identified as a possible source of 
pain after whiplash (Lord et al., 1996)).
Furthermore, in more than 90% of WAD subjects it’s not possible to identify an 
organic pathology (Ferrari et al., 2015), and supporting this, the intensity of trauma 
(i.e. the amount of force transmitted to neck tissues) has been proven not to have a 
relationship with the symptoms presentation (Carroll et al., 2008).
Therefore, the classical biomedical model can’t explain why so many subjects 
develop chronic pain after whiplash in the absence of evident tissue damage or 
lesion (Dommerholt, 2005, Curatolo et al., 2011a), but a biopsychosocial 
considering also psychological, behavioral, social factors in addition to biomedical 
ones (Ferrari and Russell, 1997).
In chronic WAD there are changes in the pain processing mechanisms, including 
hypersensitivity to a variety of stimuli, including mechanical, electrocutaneous 
stimulation, and induced muscle pain, which may all be manifestations of changes in 
central pain processing (Johansen et al., 1999, Curatolo et al., 2001, Sterling et al., 
2003a, Van Oosterwijck et al., 2013).
Changes in central pain processing may occur even soon after injury, as subjects 
with persistent pain (at 6 months post-trauma) showed signs of generalized 
hypersensitivity within the first month post-trauma (Sterling et al., 2003a).
Peripheral nociceptive input (injury, overload, inflammation) seems to be necessary 
to initiate/maintain CNS hypersensitivity (Baron et al., 2013): zygopophyseal joints 
and TrPs in neck and shoulder muscles may be source of pain after whiplash (Lord 
et al., 1996, Gerwin et al., 1998).
In the present project TrPs have been investigated, as they have been found to 
perpetuate lowered pain thresholds in uninjured tissue (signs of central 
hypersensitivity), which can be immediately (and temporary) normalized 
anestitizing the TrPs, even in chronic whiplash (Freeman et al., 2009).
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In all the four papers on which is based this thesis, a mixed sample of WAD subjects 
were included if they met the QTF criteria for classification of Grade I or II (Table 
2), which represents more than 90% of WAD subjects (Spitzer 1995).
Exclusion criteria were: 1) previous history of neck surgery; 2) any therapeutic 
intervention for the cervical spine in the previous 3 months; 3) red flag (e.g. 
infections, malignancy, fracture, rheumatoid arthritis or osteoporosis); 4) QTF Grade 
0,III,IV; and, 5) diagnosis of fibromyalgia according to the American College of 
Rheumatology.       
Table 1.The Quebec Task Force Classification (QTFC) for Whiplash (Spitzer, 1995)           
QTF classification grade Clinical presentation
0 No complaint about neck pain
No physical signs
I Neck complaints of pain, 













IV Neck complaint and fracture or 
dislocation
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2.4 Mechanical neck pain (MNP)
MNP (also called nonspecific or idiopathic), affects 45-54% of the general 
population at some time during their lives, and it has a multi-factorial origin 
including one or more of the following: poor posture, anxiety, depression, or neck 
strain (Hoy et al., 2014).
It’s prevalence is greater with increasing age, and peaks in middle-aged individuals, 
with women affected twice often as man (Hogg-Johnson et al., 2008).
Most of the symptoms in MNP (neck/arm pain, headache, dizziness, shoulder pain 
stiffness, numbness, sleeping difficulties, fatigue and cognitive deficits) are the same 
that can be found also in WAD subjects (Hogg-Johnson et al., 2008).
A systematic review found an association between physical exposures at workplace 
(i.e. the mechanical load) and the development of neck pain: repetitive movements, 
work posture, computer work may all be risk factors (Mayer et al., 2012). 
Risk factors for delayed non-recovery include older age, and history of other  
musculoskeletal disorders (Walton et al., 2013).
The exact pathology of  MNP is not known, and different anatomical structures may 
be involved, including intervertebral joints, neural tissues, discs, muscular disorders. 
As reported in WAD, TrPs may be pain generators also in this neck pain population: 
MNP subjects presents with more active TrPs  in neck muscles than healthy 
controls, and no difference is found for latent TrPs (Fernández-de-las-Peñas et al., 
2007a), being latent TrPs commonly found in health subjects (Chaiamnuay et al., 
1998).
In MNP, local pressure pain hypersensitivity in the cervical area is normally found 
(Scott et al., 2005, La Touche et al., 2010, Johnston et al., 2008a), suggesting 
peripheral mechanisms.
If in WAD subjects there is also evidence of central pain processing anomalies 
(Sterling et al., 2003a, Curatolo et al., 2001, Kasch et al., 2005, Banic et al., 2004, 
Freeman et al., 2009), in MNP the literature shows unclear evidence about central 
pain processing anomalies. 
A recent systematic review on CS in subjects with chronic idiopathic neck pain, 
concluded that results from the available studies provide an inconclusive message, 
and that CS is not a major characteristic feature of these subjects, but it can be 
present in some individuals. Their conclusion was that in the future subgroup of 
MNP subjects with signs of CS should be defined (Malfliet et al., 2015).
In fact, some studies found that signs of CS are present in chronic WAD but not in 
chronic idiopathic neck pain (Coppieters et al., 2015, Scott et al., 2005, Chien and 
Sterling, 2010), while other authors found some degree of CS also in MNP 
(Javanshir et al., 2010, Johnston et al., 2008a).
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The main difficult is comparing the results of these studies as they have different 
inclusion/exclusion criteria, used different methods for assessing CS, different 
sample size, and different pain and disability levels of the subjects.
For example, in the study of Javanshir et al. (2010) chronic neck pain subjects had 
low pain and disability levels, and the sample size was very small.
In the study of  Chien and Sterling (2010) signs of CS were not found in idiopathic 
neck pain subjects; these subjects were chronic (>3 months of neck pain), but neck 
pain duration  longer than 3 years was an exclusion criteria: many chronic idiopathic 
neck pain subjects have a longer history of neck complaints which may be related 
with more sensitization, and for that reason in the present project were included also 
subjects with longer history of neck pain.
The role of pain duration in the development of CS in chronic MNP subjects has 
been investigated also by La Touche et al. (2010), and by Javanshir et al. (2010) 
which  found that widespread pressure pain hypersensitivity was not a feature in 
subjects with acute MNP, but was present in some subjects with chronic MNP.
Chronic idiopathic neck pain is episodic in nature, and this may lead to an 
interruption in nociceptive input, which may limit/prevent the development of the 
pathological behavior of the CNS (Guzman et al., 2008). Some subjects may have a 
more continue pain, and thus become a sub-groups of subjects with chronic 
idiopathic neck pain with greater signs of CS.
In fact, it is necessary to remember that CS is not an “all or nothing” phenomenon, 
but rather a continuum of altered pain processing mechanisms (Chien and Sterling., 
2010).
A recent study, reported that subjects with chronic nonspecific neck pain showed 
signs of peripheral sensitization compared to healthy subjecst, but only subjects with 
chronic nonspecific neck pain with neuropathic features showed signs of CS: this 
could suggest different mechanisms of pain processing between chronic nonspecific 
neck pain subjects with/without neuropathic features (Lopez-de-Uralde-Villanueva 
et al., 2016).
However, regardless the degree of sensitization, both traumatic and nontraumatic 
subjects may present with reduced ROM, altered muscle recruitment patterns, 
morphological changes in neck muscles, and sensorimotor disturbances (Treleaven, 
2008, Sterling et al., 2003b, Elliott et al., 2011).
Subjects presenting with neck/shoulder pain with cervical symptoms provoked by 
sustained neck postures, neck movements, or palpation of the cervical spine were 
included in this group.
Exclusion criteria were: 1) a history of whiplash trauma; 2) previous history of neck 
surgery; 3) any therapeutic intervention for the cervical spine in the previous 3 
months; 4) red flag (e.g. infections, malignancy, fracture, rheumatoid arthritis or 
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osteoporosis); or, 5) diagnosis of fibromyalgia according to the American College of 
Rheumatology.
2.5 Assessment of neck pain subjects
There are a variety of tools to quantify neck pain, especially self-report 
questionnaires which detect the current level of pain and disability.
The Visual Analogue Scale, the Numeric Pain Rating Scale (NPRS) are commonly 
used to measure pain intensity, while the Neck Disability Index (NDI) is usually 
used to measure disability.
To measure pain area extension is often used a body chart, in which the patient draw 
the area of pain, which can be then digitized in order to obtain a numeric value.
Mechanical hypersensitivity may be assessed with various QST: pressure pain 
threshold (PPT) is commonly used, and it is defined as “the minimal amount of 
pressure applied needed to evoke a sensation of pain”; it is usually assessed with a 
digital (or manual) algometer (Somedic AB, Söstala, Sweden)  in order to obtain 
information about local and widespread pressure pain hypersensitivity (assessing 
healthy body location far away from the pain area) (Chesterton et al., 2007).
In the present papers neck-related disability was assessed with the NDI, neck pain 
intensity with the NPRS, spontaneous pain area extension with a body chart, and 
local and widespread pressure pain hypersensitivity with PPTs over different 
locations.
To assess neck-related disability, it was used the Italian version of NDI (Monticone 
et al., 2012), which is a self-report questionnaire that consists of 10 items concerning 
daily living, pain and concentration (Vernon and Mior, 1991). Each item is scored 
from 0 to 5, with 0 indicating no disability and 5 indicating full disability.
The total score ranged from 0 to 50, and it was transformed in a percentage from 0 
to 100%, where high values represented high disability.
The NDI was chosen because it is the most frequently applied questionnaire for 
patients with neck pain. Furthermore, it is considered a reliable tool and 
demonstrated construct validity (Vernon and Mior, 1991), in patients with chronic 
neck pain, cervical radiculopathy, and WAD (Schellingerhout et al., 2012). 
A systematic review concluded that a minimum clinically important difference of at 
least 7 points from a total of 50 is required to be clinically meaningful (MacDermid 
et al., 2009).
To measure pain intensity, it was used a NPRS, in which subjects had to rate the 
intensity of neck pain on an 11-point numerical pain rating scale (0:no pain, 10: 
maximum pain) (Cleland et al., 2008, Schellingerhout et al., 2012). This scale is an 
uni-dimensional measure of the perceived intensity of pain (Jensen et al., 1986), and 
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a paper investigating it’s psychometric properties concluded supporting its use (Kahl 
and Cleland et al., 2005), showing adequate responsiveness and fair to moderate 
test-retest reliability (Cleland et al., 2008). 
The minimal detectable change and minimum clinically important difference for 
NPRS in patients with neck pain have been reported as 1.3 and 2 points, respectively 
(Cleland et al., 2008).
To measure pain area extension, subjects were asked to draw the distribution of their 
pain symptoms on an anatomical body map. The drawn area was then measured with 
a digitizer (ACECAD D9000, Taiwan), and analyzed with Vistametrix software 
(SkillCrest, USA, LLC) (Lee et al., 2005, Toomingas et al., 1999).
Pain drawings are often used in both research and clinical settings, and are 
considered a reliable tool (Roach et al., 1997, Ohnmeiss, 2000).
PPTs were assessed over upper trapezius muscle (halfway between occiput and 
acromion), over tibialis anterior muscle (in the middle of the muscle), and over 
extensor carpi radialis longus muscle (2-3 cm distally from the lateral epicondyle) 
(Figure 2).
Walton et al. (2011) reported that PPTs over neck area assessed with an algometer 
exhibited good to excellent reliability and a minimal detectable change of 47.2 kPa 
over the neck and of 97.9 over tibialis anterior muscle in subjects with acute neck 
pain, and their measurement is widely used in the clinic and in the scientific field 
(Waller et al., 2015).
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Figure 2. PPTs assessment point in upper trapezius (A), tibialis anterior (B), and extensor 
carpi radialis longus (C) muscles.
                                     A                                                         B                         C
PPTs: pressure pain thresholds
In paper I, no significant differences for pain area (P=0.05) and pain intensity 
(P=0.13) between MNP and WAD subjects were found. Pain area difference was 
almost significant, with the WAD group presenting a greater extension of pain area, 
and higher pain intensity. Neck-related disability and PPTs were not investigated in 
this paper.
In paper II, WAD subjects exhibited higher neck-related disability (P=0.021), larger 
extension of pain area (P=0.003), and lower PPTs in the tibialis anterior muscle 
(P=0.009) than MNP subjects. No significant difference for pain intensity was 
found, although it was higher in WAD subjects, and for PPTs in upper trapezius 
mucles, although it was lower in WAD subjects. These findings may underlie a 
greater degree of CS in WAD subjects in this paper.
In paper III, no significant differences for pain area, pain intensity, neck-related 
disability, and PPTs  were found between WAD and MNP subjects; although 
individuals with WAD tended to exhibit higher neck-related disability, larger pain 
area, higher intensity of neck pain, and lower PPTs (all, P>0.061). 
Finally, also in paper IV no significant differences for pain area, pain intensity, 
neck-related disability, and PPTs (all, P>0.12) were found between WAD and MNP 
subjects; however this time MNP subjects exhibited higher neck pain intensity and 
neck-related disability, and lowered PPTs.
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The main finding from the four papers, is that MNP and WAD populations may 
present with a large variability of the clinical presentation, although WAD subjects 
showed a general tendency to show higher pain intensity, neck-related disability, 
greater pain area extension, and lowered PPTs (which may all underlie higher degree 
of sensitization), it is also possible to find MNP subjects showing higher 
sensitization than WAD subjects (although the difference was not significant), or 
having populations of  WAD and MNP subjects with similar characteristics.
In previous studies pain intensity has been found to be similar between the two 
groups (Coppietiers et al., 2015), higher disability and lower PPTs at a distant site 
have been found in WAD, but similar PPTs over neck region (Chien and Sterling,  
2010, Scott et al., 2005).
Different inclusion/exclusion criteria, sample size, diagnostic criteria, degree of 
chronicity,  may all partially explain the differences found in the present research 
project.
In fact, the role of time in the development of CS has already been studied, and it 
may be that MNP subjects with a long history of neck complaints may gradually 
develop features of CS related to the continuous nociceptive input from the 
periphery. The time necessary to this progressive sensitization is still unclear 
(Graven-Nielsen and Arendt-Nielsen 2010). 
The findings from these four different samples of neck pain subjects, support the 
thesis that the clinical presentation and the widespread pressure pain hypersensitivity 
of neck pain subjects may be very heterogeneous, regardless the origin of neck pain 
(although greater signs may normally be found in WAD subjects), and specific sub-
groups of MNP subjects with signs of CS may be present.
Table 2 summarizes demographic, clinical and psychophysical characteristics of 
subjects from the four papers.
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Table 2. Demographic, clinical and psychophysical characteristics of subjects from 
the four papers
MNP: mechanical neck pain; WAD: whiplash associated disorders; NPRS: numeric 
pain rating scale; NDI: neck disability index; AU: arbitrary units; PPT: pressure pain 
thresholds; kPa: kilopascal; NA: not available
Data are expressed as mean ± standard deviation (95% confidence interval)
*Significant differences (P<0.05) between groups in paper II
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The associations between neck pain intensity, neck-related disability, pain area, and 
PPTs in WAD and MNP subjects were studied in paper III.
A small to moderate positive significant association between pain and disability was 
found in both WAD subjects (rs=0.406; P=0.003) and MNP subjects (rs=0.544; 
P<0.001): the higher the intensity of neck pain, the higher the disability. 
At the same time, it is important to remember that pain and disability assessment 
may both be influenced by physiological, psychosocial, and environmental factors 
(Von Korff et al., 1992), and should always be considered and measured as two 
different aspects to avoid the risk of overlooking specific groups of subjects 
(Leboeuf-Yde et al., 2001).
Further, a small to moderate positive significant association between pain area and 
disability was found in MNP subjects (rs=0.314; P=0.034), but not in WAD subjects 
(rs=0.261; P=0.065), although it was close to significant also in WAD subjects: the 
larger the pain area extension, the higher the disability, as recently found by Ris et al 
(2016), which found a positive association between pain area and disability in a 
mixed sample of traumatic and non-traumatic chronic neck pain subjects.
Significantly small to moderate negative associations between pain and PPTs (both 
local and distant) were found in both MNP (local: rs=-0.397; P=0.008; distant rs=-
0.365; P=0.015), and in WAD subjects (local: rs=-0.290; P=0.041; distant: rs=-0.294; 
P=0.038): the higher the pain experienced by subjects, the lower the PPTs.
Statistically a small to moderate negative significant association between neck-
related disability and local PPTs was found in both MNP (rs=-0.397; P=0.006), and 
in WAD subjects (local: rs=-0.380; P=0.006): the higher the neck-related disability, 
the lower the local PPTs.
Finally, a small to moderate negative significant association between neck-related 
disability and distant PPTs was found in MNP subjects (rs=-0.428; P=0.003), but not 
in WAD subjects (rs=-0.255; P=0.112): the higher the neck-related disability, the 
lower the distant PPTs.
Previous papers found conflicting results (Kamper et al., 2011, Herren-Gerber et al., 
2004, Farasyn and Meeusen, 2005, Imamura et al., 2016), and a systematic review 
(Hübscher et al., 2013) concluded that the associations between PPTs, pain, and 
disability in spinal pain syndromes are weak and future studies are needed. None of 
them compared these associations between WAD and MNP.
The findings of paper III support the idea that these associations may be very similar 
between the two groups of neck pain subjects, but at the same time it is mandatory 
to remember that our two groups had very similar clinical presentation and PPTs 
values.
It may be concluded that the relationship between clinical and psychophysical 
outcomes is similar in neck pain, at least when these two categories of neck pain 
subjects does not present with different degree of CS.
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2.6 Current management strategies
The clinical management of neck pain can be complex and may involve multimodal 
care to address its symptoms and consequences (Sutton et al., 2016).
Kelly et al. (2016) in a recent systematic review, concluded that clinical prediction 
rules for neck pain are still at the initial stages and not validated or undergone to 
impact analysis, so their clinical use is not yet suggested, but progress is made 
towards sub-grouping subjects which may need different management strategies.
Recent guidelines for the management of acute neck pain (both WAD and MNP) 
aims to accelerate recovery, reduce the intensity of symptoms, promote early 
restoration of function, prevent chronic pain and disability, improve health-related 
quality of life, reduce recurrences, and promote active participation of patients in 
their care (patients education) (Cotè et al., 2016, Haldeman et al., 2010).
Different recent papers confirmed that many commonly used methods for managing 
neck pain, including massage, cervical collar, transcutaneous electrical nerve 
stimulation, NSAIDs, short-wave diathermy, electrical muscle stimulators, showed 
no benefits when compared to placebo or added to another therapy (Wong et al., 
2016, Sutton et al., 2016, Cotè et al., 2016).
A recent update, suggest that mobilization, manipulation, and clinical massage are 
effective for the management of neck pain, and found that electropuncture, strain-
counterstrain, relaxation massage, and other passive physical modalities (heat, cold, 
diathermy, hydrotherapy, ultrasound) are not effective and should not be used in the 
management of neck pain (Wong et al., 2016).
As chronic neck pain may be associated with psychological complaints (e.g. anxiety, 
depression, fear avoidance behavior, catastrophizing), psychological help (e.g. 
cognitive-behavioral therapy) and patient education may be helpful (Blanpied et al., 
2017).
The management of WAD is strongly dependant from the phase in which is the 
subject: in the acute phase advise encouraging return to usual activity and exercises 
is the best option (Meeus et al., 2012a), and immobilization (e.g. a soft collar) 
should be avoided. At the same time an early multidisciplinary intervention does not 
seem to be advantageous (Jull et al., 2013), and an early too intensive intervention 
may even reduce speed of recovery (Cotè et al., 2007).
However to nowdays it is not clear how to profile these subjects and differentiate 
them from those who require more multidisciplinary intervention (Cotè et al., 2007).
Differently, in the chronic phase a multidisciplinary intervention (including 
psychological intervention such as cognitive-behavioral therapy) seems to be 
necessary, but with no clear conclusion on the which is the best approach and the 
optimal combination (Pato et al., 2010).
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A combination of exercises and cognitive-behavioral therapy seems to be effective 
for the management of chronic WAD, but the effect sizes for this multimodal 
program were quite small (Nijs et al., 2009, Seferiadis et al., 2004).
Other therapeutic procedure includes cervical epidurals (Benyamin et al., 2009), 
therapeutic medial branch blocks, and radiofrequency neurotomy (Manchikanti et 
al., 2009, Lord et al., 1996), pharmacological treatment (but with a lack of 
randomized controlled trials) (Wong et al., 2016), but these goes beyond the scope 
of this project so they have not been discussed.
MT is one of the most commonly used approach to manage neck pain, and may 
include manipulation, mobilization, neuromuscular therapies, and massage/soft 
tissue therapies (Basmajian and Nyberg, 1993); it will be discussed in detail in 
section number 5, as it represents the therapeutic protocol used in paper II .
However,a recent systematic review concluded that adding MT to exercise does not 
seem to improve outcomes in neck pain (Fredin and Lorås, 2017).
A recent systematic review added new evidence, concluding that structured 
education is cost-effective for WAD, whereas multimodal care including exercise 
and MT are cost-effective for neck pain (Velde et al., 2016).
Results on which is the best treatment are still conflicting, and this could explain 
why a huge variety of treatments for neck pain are offered in the everyday clinical 
practice. 
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3. TRIGGER POINTS (TrPs)
3.1 Definition, diagnosis and classification
A Myofascial Trigger Points (TrPs), is defined as a “hyperirritable spot within a taut 
band of a skeletal muscle  that is painful on compression, stretching or contraction, 
and responds with a referred pain pattern distant from the spot” (Simons, 1999).
TrPs are often underdiagnosed by clinicians, not recognizing them as a source of 
pain, especially in musculoskeletal pain. They may be the primary dysfunction and 
not necessary a consequence of a medical condition or another cause (Mense and 
Gerwin, 2010).
TrPs are usually divided into active and latent TrPs: from a clinical viewpoint, active 
TrPs are those producing a pain familiar to the patient when stimulated, while latent 
produces pain as well, but that is not recognized as familiar by the subject (Simons, 
1999). 
Both active and latent TrPs may provoke muscle imbalance, motor dysfunction, 
altered agonist/antagonist relationship,  and altered movement coordination (Lucas 
et al., 2004, Simons 1999, Ibarra et al., 2011).
Furthermore, although not responsible of spontaneous pain,  latent TrPs provide 
nociceptive input to the dorsal horn (Xu et al., 2010).
The diagnosis of TrPs is  usually clinically made with manual palpation, following 
the diagnostic criteria described by Simons (1999): 
1) presence of a taut band in a skeletal muscle
2) presence of a tender spot within the taut band
3) reproduction of patient’s spontaneous pain with sustained pressure (active TrPs)
4) presence of referred pain distant from the stimulated area
5) presence of a local twitch response (LTR) on snapping palpation
Although the present paper discusses the contribution of muscle triggers, such as 
TrPs, it should be emphasized that there is still a lack of diagnostic gold standard 
and a lack of recognized specific pathologies in the muscle tissue (Simons, 2004, 
Srbely et al., 2016).
In fact, the reliability of manual palpation has been criticized, with studies 
supporting a moderate to good reliability when the diagnostic criteria are followed  
(Sciotti et al., 2001, Gerwin et al.,1997, Walsh et al., 2016, Rozenfeld et al., 2017), 
and systematic reviews concluding that manual palpation is an unreliable tool for 
TrPs diagnosis, concluding that future investigation should focus on integration with 
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more reliable techniques (Myburgh et al., 2008, Lucas et al., 2009, Rathbone et al., 
2017).
Other diagnostic tools (e.g. elastography, magnetic resonance elastography, 
ultrasound, vibration sonoelastography) have been studied to confirm the diagnosis 
of the TrPs, but they are not accessible in every-day clinical practice, so to nowdays 
the diagnosis remains manual palpation (Mariappan et al., 2010; Sikdar et al., 2009, 
Ballyins et al., 2011).
Referred pain seems to be the most reliable criteria for diagnosis with manual 
palpation, but doubts exist regarding the reliability of finding the tender spot within 
the taut band (Bron et al., 2007).
Referred pain occurs at the dorsal horn level, and it is the pain (or any other 
sensation) which is perceived at a remote site away from the location of the TrPs 
when stimulating it: central mechanisms must be part of the referred pain pathways, 
as it may be evoked in areas with full sensory loss (Laursen et al., 1999), and it can 
rapidly disappear with TrPs inactivation (Giamberardino et al., 2007).
An explanation for referred pain, comes from animal studies showing that sustained 
muscle damage (e.g. ischemia, overload) may sensitize dorsal horn neurons and 
open silent synapses in adjacent segments and excite neurons that supply the body 
regions in which the referred pain is felt (Hoheisel et al.,1994); furthermore muscle 
nociception promotes expanded and new receptive fields (Hoheisel et al.,1993) 
activating quiescent axonal connections between effective nerve fibers of dorsal 
horn neurons (Mense, 2010).
Referred pain may be evoked in few seconds with the stimulation of a TrPs, 
suggesting that neuroplastic changes which related to referred pain may be rapidly 
induced (Kuan et al., 2007).
Another important characteristic of TrPs is the LTR: it is a rapid, involuntary 
contraction within the muscle being stimulated, which can be elicited with snapping 
palpation perpendicular to the taut band, or with needle insertion (Chou et al., 2012).
It is believed to originate from a spinal reflex, and  it is related to the irritability of 
the TrPs, which directly related to the sensitization of muscle nociceptors (Hong and 
Simons, 1998, Rivner et al., 2001).
Its importance for achieving clinical improvements has been largely debated, but to 
date no firm conclusion can be drawn yet (Boyles et al., 2015, Kietrys et al., 2013, 
Perreault et al., 2017).
TrPs area shows a spontaneous electrical activity  which can be detected with 
intramuscular needle electromyography when the muscle is at rest, and which is not 
present in normal muscle conditions (Hubbard et al., 1993, Simons et al., 2004); it 
originates from the extrafusal motor endplate, and represents involuntary focal 
muscle fiber contraction due to an abnormal spontaneous release of acetylcholine 
(ACh) (Ge et al., 2011).
3. TRIGGER POINTS
39
Human experimental studies showed that the irritability of a TrPs was highly 
correlated with the amplitude of the spontaneous electrical activity, which is also 
associated with lowered PPTs (Kuan et al., 2007).
TrPs may be found in many painful conditions, such as tension-type headache 
(Fernández-de-las-Peñas et al., 2007b), migraine (Giamberardino et al., 2007), low 
back pain (Ramsook and Malanga, 2012), chronic pelvic pain (Jarrell et al., 2004,), 
lateral epicondylalgia (Fernández-Carnero et al., 2008), shoulder impingement 
(Hidalgo-Lozano et al., 2010), mechanical neck pain (Fernández-de-las-Peñas et al., 
2007a), patellofemoral pain (Hains et al., 2010), temporomandibular disorders 
(Fernández-de-las-Peñas et al., 2010), knee osteoarthrosis (Itoh et al., 2008), and 
also in whiplash syndrome (Ettlin et al., 2008) and fibromyalgia (Ge et al., 2009).
3.2 Pathophysiology of TrPs
The exact mechanisms of TrPs development are not fully understood, but different 
factors, such as muscle overuse, repetitive minor muscle trauma/damage, 
psychological stress, or visceral disorders may be involved (Gerwin et al., 2004).
The integrated hypothesis is the most accepted theory for explaining the 
pathophysiology of TrPs: injured or overloaded muscle fibers could lead to 
involuntary shortening, loss of oxygen and blood supply, and increased metabolic 
demand on local tissue (Simons et al., 2004,  Gerwin et al., 2004). 
This model proposes an altered activity of the motor endplate, leading to an 
abnormal release of ACh, and to a sustained depolarization of post-junctional 
membrane of motor endplates. This would lead to sarcomere sustained contractions 
which may cause a local energy crisis due to the lack of oxygen, which is required 
together with glucose for the synthesis of adenosine triphosphate.
Furthermore, the lactic acid is not washed out into the bloodstream in sustained low-
level contractions, leading to a decrease of pH of the area of the TrPs, which 
sensitize muscle nociceptors (Shah et al., 2005, Gautam et al., 2010).
In fact, this stimulates the release of a variety of endogenous substances, such as 
neuropeptides, arachidonic acid derivatives, substance P, calcitonin gene-related 
peptide, cytokines, prostaglandins, serotonin and bradykinin which may sensitize 
muscle nociceptors (Mense, 2001).
Once nociceptors are sensitized, they are more easily activated and may respond to 
normally innocuous stimuli, like light pressure: in addition to the nociceptor 
sensitization, non-nociceptors (the large diameter muscle afferents) are also 
sensitized at TrPs site, and are involved in pain generation (Ge et al., 2011, Li et al., 
2009).
Sensitization in neck pain: a comparison between whiplash-associated disorders and mechanical neck pain subjects
SENSITIZATION IN NECK PAIN: A COMPARISON BETWEEN WHIPLASH-ASSOCIATED DISORDERS AND 
MECHANICAL NECK PAIN
40
Shah demonstrated with microdialysis techniques, that the active TrPs biochemical 
milieu has significantly elevated levels of  sensitizing substances (neuropeptides, 
arachidonic acid derivatives, substance P, calcitonin gene-related peptide, cytokines, 
prostaglandins, serotonin and bradykinin) compared with latent TrPs or healthy 
controls (Shah et al., 2005 and 2008).
However, the findings of Shah have so far not been replicated by any other studies, 
and the sample size of both his studies were very small.
3.3  TrPs in neck pain 
In neck and shoulder muscles, TrPs often develops as a result of muscle overuse 
during low-intensity activities of daily living and sedentary works (e.g. office 
workers) (Treaster et al., 2006, Kaergaard et al., 2000). Prolonged computer work 
may provoke ischemia, leading to reduced blood flow, which may in turn sensitize 
nerve endings through the release of endogenous substances (Cagnie et al., 2012).
It has been suggested that this may cause a decrease in intramuscular perfusion, 
leading to ischemia, hypoxia, insufficient adenosine triphosphate synthesis, Ca++ 
accumulation, and subsequent sarcomere contracture. This may lead to a vicious 
cycle that may have as final result the creation of TrPS in neck and shoulder muscles 
(Shah et al., 2015).
In both MNP and WAD subjects a number of active TrPs in neck and shoulder 
muscle greater than healthy subjects have previously been found (Ettlin et al., 2008, 
Fernández-de-las-Peñas et al., 2007a, Gerwin and Dommerholt, 1998), and both 
location and type of pain (i.e. tightening and burning) elicited by TrPs stimulation 
were similar to what usually felt by these subjects (Fernández-de-las-Peñas et al., 
2007a, Ettlin et al., 2008).
A recent systematic review, concluded that TrPs are a prevalent clinical entity in 
patients with neck pain, with difference depending on the origin of neck pain (Lluch 
et al., 2015).
According to that, subjects with WAD and MNP in paper I were screened for the 
presence of active or latent TrPs in the suboccipital, upper trapezius, elevator 
scapula, temporalis, supraspinatus, infraspinatus and sternocleidomastoid muscle 
bilaterally, by an examinator blinded to subject’s diagnosis.
The distribution of active TrPs between groups showed a significant difference 
(P<0.001), with WAD subjects presenting a mean of 6.71 active TrPs while the 
MNP had a mean of 3.26 active TrPs (Table 3). No statistically significant 
difference (P=0.16) was found for latent TrPs, and this could be expected as latent 
TrPs are normally found also in healthy subjects (Chaiamnuay et al., 1998, 
Fernández-de-las-Peñas et al., 2007a).
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Table 3. Distribution of number of TrPs between WAD and MNP group (data from paper I)
Table 3 WAD MNP P value
Active TrPs 6.71 ± 0.79 3.26 ± 0.33 0.001*
Latent Trps 3.95 ± 0.57 2.82 ± 0.34 0.16
Data are expressed as mean ± standard deviation (95% confidence interval)
*Significant differences (P<0.05) between groups in paper I
Further, a higher prevalence of active TrPs in WAD has been found for all examined 
muscles, with significant differences in twelve muscles (all, P<0.04);  in the 
remaining four muscles (left upper trapezius, left levator scapulae, left temporalis 
and right deltoid) WAD had a higher prevalence of active TrPs, but without a 
significant difference (all, P>0.07) (Figure 3). 
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Figure 3. Distribution of numbers of TrPs in the examined muscles in WAD and 
MNP subjects (data from paper I)
TrPs: trigger points; MNP: mechanical neck pain; WAD: whiplash-associated disorders; delt 
l: left deltoid;  delt r: right deltoid; infr l: infraspinatus left; infr r: infraspinatus right; ls l: 
levator scapulae l; ls r: levator scapulae r; scom l: sternocleidomastoid left; scom r: 
sternocleidomastoid right; sov l: sovraspinatus left;    sov r: sovraspinatus right; sub l: 
suboccipital left; sub r: suboccipital right; temp l: temporalis left; temp r: temporalis right; ut 
l: upper trapzius left; ut r: upper trapezius right
*Significant differences (P<0.05) between groups in paper I
A previous study has investigated the distribution of  TrPs between WAD and MNP, 
finding a higher prevalence of TrPs in the semispinalis capitis in WAD, and no 
significant differences for trapezius pars descendens, levator scapulae, scalenus 
medius, sternocleidomastoideus, and masseter muscles (Ettlin et al., 2008).
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Levator scapulae and sternocleidomastoid muscle were the only two muscles that 
were screened for the presence of TrPs in both paper I and the study performed by 
Ettlin et al. (2008), and the results may seem in contrast. But it is necessary to 
remember that Ettlin’s study was performed on 124 whiplash patients and only 17 
patients with non-traumatic chronic cervical syndrome, for these 17 patients 
inclusion criteria were not reported, and for the diagnosis of TrPs only 3 of 4 
reported diagnostic criteria were needed. 
In paper I, 49 WAD subjects and 56 MNP subjects were included, and for the 
diagnosis of active TrPs, the five criteria described by Simons (1999) were 
mandatory.
The differences in sample size and in the use of diagnostic criteria could explain the 
difference found  between the two studies.
In paper I the only muscles in which TrPs diagnosis was performed without LTR 
reproduction  were suboccipital muscles, as they can’t be directly palpated. The 
diagnostic criteria were adapted for these muscles, as reported by Fernández-de-las-
Peñas et al. (2006).
A recent systematic review and meta-analysis on the prevalence of TrPs in spinal 
disorders, concluded that active TrPs were present in all spinal pain disorders, and 
that no difference for latent TrPs between patients and  healthy control was found 
(Chiarotto et al., 2016).
In this review, were included 12 studies on TrPs in spinal disorders, and paper I was 
one of the only two studies that has been ranked with high methodological quality.
Previous studies agreed on considering active TrPs important peripheral nociceptive 
input and possible initiators of CS, being related to lowered PPTs both locally (due 
to a sensitization of the TrPs area) and widespread (due to neuroplastic change) 
(Nystrom and Freeman, 2017, Freeman et al., 2009, Xu et al., 2010). 
In fact, the presence of multiple TrPs (spatial summation), or the presence of TrPs 
for prolonged period (temporal summation) may sensitize spinal and supraspinal 
structures (Mense and Gerwin, 2010).
In paper I WAD subjects presented with more active TrPs in neck-shoulder muscles 
(spatial summation) compared to MNP subjects: however WAD subjects showed 
higher pain intensity and greater pain area, but without reaching statistically 
significant difference. This may partially be explained because we can’t investigate 
from how long active TrPs are present, and thus MNP subjects may had TrPs from 
longer period (temporal summation), explaining why similar sensitization degree 
was found.
Further, also latent TrPs provide nociceptive input to the dorsal horn (Ge et al., 
2011, Mense, 2010, Xu et al., 2010), and the distribution of latent TrPs was similar 
between the two groups.
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In paper I, a correlation between the number of active TrPs and both pain intensity 
and pain area was found in the WAD group (both, P=0.03), but not in the MNP 
group.
These findings may support that the current subjective pain perception experienced 
may be modulated by active TrPs (which were more prevalent in WAD), supporting 
the idea that are they represents prolonged nociceptive inputs from the periphery, 
which may sensitize peripheral nociceptors first, and then central pathways (Herren-
Gerber et al., 2004).
As pain levels were similar between the two groups, but the difference in active 
TrPs statistically significant (which are the TrPs producing spontaneous pain), other 
structures/mechanisms must play a role in pain intensity. 
It may be possible that in MNP subjects other factors (e.g. poor posture, repetitive 
working task) were the main drivers of subjective pain perception, explaining why a 
direct correlation between symptoms (pain intensity and pain area) and the number 
of active TrPs was not found.
Furthermore, large variability between different subjects can be present, as reported 
by Nystrom and Freeman (2017) recently found that not all WAD subjects had a 
rapidly adjusting responses in PPTs after TrPs injections with local anesthetics, 
suggesting that also in WAD subjects TrPs role on modulation of widespread 
pressure pain hypersensitivity may be more relevant in specific sub-groups of WAD 
subjects than others.
Nevertheless, no significant differences for pain area and pain intensity were found 
in paper I between MNP and WAD subjects, indicating pain intensity and pain area 
are influenced also by other factors (e.g. psychological status, work related activity, 
health status, pain duration, other painful conditions).
In paper I a cause-effect relationship couldn’t be established, as no treatment 
directed towards TrPs deactivation was applied to see if this related to an 
improvement of  both clinical outcomes and PPTs.
In paper II, a part of the MT treatment protocol was directed towards TrPs 
deactivation: both WAD and MNP subjects showed a statistically significant 
improvement of neck pain intensity, neck-related disability, pain area extension (all, 
P<0.001) (Figures 9,10,11). 
However, as the proposed approach included also other MT techniques, it’s 
impossible to state a direct relationship between TrPs deactivation and outcomes 
improvement. Results will be discussed in section 5.3.
An interesting finding from papers  III and IV, is that subjects presenting with active 
TrPs in upper trapezius muscle exhibited significant higher neck pain intensitiy, 
higher neck-related disability, and lower PPTs than those with only latent TrPs in 
the same muscle (all, P<0.01). This has been found in both MNP subjects, WAD 
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subjects, and in a mixed sample of 50% MNP and 50% WAD subjects (only PPTs 
were studied in the mixed sample of paper IV).
If active TrPs may be related to lowered PPTs, this can explain why WAD subjects 
which usually present with more active TrPs (according to paper I) have often 
higher signs of sensitization. This does not exclude the existence of MNP subjects 
with more active TrPs, which can promote higher sensitization.
These findings support the idea that active TrPs induces larger referred area and 
higher pain levels than latent TrPs (Hong et al., 1996), but to some degree also latent 
TrPs provide nociceptive input into dorsal horn neurons, and therefore they may 
contribute to the sensitization development (Ge et al., 2011, Mense, 2010, Xu et al., 
2010).
Subjects presenting with active TrPs showed also greater pain area, but the 
difference was not statistically significant (found in both MNP and WAD subjects). 
Results are summarized in Table 4.
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Table 4. Clinical and psychophysical outcomes depending on the presence of active 
or latent TrPs (data from paper III and paper IV)
Table 
4
NPRS    
(0-10)*














Mechanical Neck Pain, paper III
Active 
TrPs
3.9 ± 3.1 
(2.9, 4.9)
25.6 ± 15.0 
(20.7, 30.5)
2173 ± 1839 
(1547, 2799)
259.2 ± 102 
(202.1, 316.3)





2.8 ± 2.5 
(1.5, 4.2)
20.9 ± 10.5 
(14.3, 27.6)
1732 ± 1044 
(890, 2575)
372.3 ± 162.7 
(295.4, 449.3)
491 ± 190.8 
(384.8, 597.2)
NA
Whiplash-associated Disorders, paper III
Active 
TrPs
4.5 ± 2.3 
(3.5 ,5.4)
33.6 ± 14.6  
(29.0, 38.3)
2713 ± 1863 
(2117, 3309)
264.8 ± 151.7 
(210.4, 319.2)





2.5 ± 2.4 
(1.2, 3.6)
22.4 ± 10.1 
(16.3, 28.4)
2468 ± 1603 
(1695, 3241)
343.5 ± 211.8 
(272.9, 414.1)
475.1 ± 326.5 
(377.7, 572.6)
NA
Neck Pain, paper IV
Active 
TrPs
NA NA NA 202.9 ± 84.1 
(178.2, 227.6)
313.6 ± 144.7 
(271.1, 356.1)





NA NA NA 307.3 ± 87.7 
(267.3, 347.2)
446.6 ± 158.6 
(374.4, 518.8)
243.7 ± 74.5 
(209.8, 
277.6)
TrPs: trigger points; NPRS: numeric pain rating scale; NDI: neck disability index; 
NA: not available, AU: arbitrary units, kPa: kilopascal
Data are expressed as mean ± standard deviation (95% confidence interval)
*Significant differences (P<0.05) between subjects with active or latent TrPs in 
paper III and IV
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Nevertheless, the clinical relevance of this finding from paper III should be 
considered with caution at this stage since the differences between subjects with 
active and latent TrPs within the MNP group were relatively small and did not 
surpass the cut-off determined for pain (2 points), disability (7 points), and distant 
PPTs (97.9 kPa), while for local PPTs the cut-off of 47.2 kPa was reached 
(Chesterton et al., 2007, MacDermid et al., 2009, Schellingerhout et al., 2012, 
Walton et al., 2011). 
The differences in the WAD group were higher and may be considered clinically 
relevant since they reached the cut-off established for pain, local PPTs, and distant 
PPTs. 
However, the  cut-off of 47.2 kPa for local PPT, and 97.9 for distant PPTs, were 
determined in acute neck pain subjects (Walton et al., 2011), while subjects from the 
present papers where chronic subjects, and the cut-off values may be a different.
It may be possible that a more detailed assessment of  TrPs in more muscles would 
have revealed that subjects with multiple (and not only in upper trapezius) active 
TrPs, may show even greater signs of sensitization (due to spatial summation) 
compared to subjects with only latent TrPs in the same muscles.
In paper IV, the differences in PPTs between subjects with active and latent TrPs in 
upper trapezius, reached the cut-off established for local PPTs (upper trapezius), and 
for PPTs in tibialis anterior, but not for extensor carpi radialis longus (Walton et al., 
2011, MacDermid et al., 2009, Cleland et al., 2008) (Figure 4).
It is important to remember that also latent TrPs represent local nociceptive input 
(even if not symptomatic tender spots) which may to some extent send nociceptive 
informations to the dorsal horn (Ge et al., 2011), contributing to subjective (i.e. pain, 
neck-related disability, pain area) and psychophysical (i.e. PPTs) aspects of pain 
sensation.
The lack of a control group of  healthy subjects without TrPs does not allow to fully 
understand the role of peripheral nociceptive input in the extent of pain sensation. 
These results suggest that TrPs may contribute to the pain and disability experience, 
and to widespread pressure pain hypersensitivity in neck pain subjects.
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Figure 4. The role of active and latent TrPs in upper trapezius muscle on PPTs 
levels (data from paper IV)




One important reason for treating TrPs, is that CS may be reverted (at least 
temporarily) in subjects presenting with TrPs with a proper management: in fact 
injections of active TrPs provoked a reduction of mechanical hyperalgesia, 
allodynia, and referred pain (Affaitati et al., 2011, Freeman et al., 2009, 
Giamberardino et al., 2007).
Several treatment modalities have been proposed for the management of TrPs: many 
of them are physical (manual) treatments involving the application of some form of 
They include ischemic compression (IC) (Cagnie et al., 2013), massage (Moraska et 
al., 2017), strain counterstrain (Ibanez-Garcia et al., 2009), spinal manipulation 
(Ruiz-Sáez et al., 2007), stretching (Kostopoulos et al., 2008), dry needling (Cagnie 
et al., 2015), muscle energy techniques (Nagrale et al., 2010), spray and stretch 
(Simons, 1999), integrated neuromuscular inhibition technique (Nagrale et al., 
2010), transcutaeal electrical nerve stimulation (Rickards et al., 2006), US (Srbely et 
al., 2008), laser (Dundar et al., 2007). 
Manual treatments are usually clinically effective for deactivating TrPs, and are the 
most commonly used in clinical practice: however most of the studies did not 
include a control group, so a placebo response can’t be excluded. 
Different invasive TrPs treatments including injection of local anesthetic, and 
botulinum toxin have been tried (Lavelle et al., 2007), but the general finding is lack 
of effect or convincing effect, with a lack of control conditions (Ho et al., 2007, 
Annaswamy et al., 2011).
Further, one of the most important treatment to prevent TrPs development and 
recurrence, is to eliminate/manage the cause (e.g. overuse, bad posture) which would 
lead to their recurrence, and patient education (Hanten et al., 2000, Lartigue et al., 
2009).
There is in increasing interest in both clinical and research setting on dry needling, 
but the effectiveness of manual treatment should not be overlooked as it seems to 
produce the same results in both the short and the long term (Rayegani et al., 2014, 
Cagnie et al., 2015, de Meulemeester et al., 2017).
According to the TrPs treatments literature, in paper II, part of the MT treatment was 
directed to TrPs deactivation using IC, as it is the most frequently used technique for 
treating TrPs and it has shown good results (Cagnie et al., 2013, Aguilera et al., 
2009, Hains et al., 2010, Moraska et al., 2013 ).
IC was applied to TrPs in the suboccipital, upper trapezius, levator scapulae, and 
sternocleidomastoid muscles bilaterally.
During the procedure, the applied force provoked a small to moderate discomfort, 
and the pressure was sustained for each muscle until subjects reported a decrease of 
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pain of around 50%, in any case never less than one minute and never more than two 
minutes. 
The results will be presented in section 5.3, as TrPs deactivation was just a part of a 
MT standardized protocol including also joint treatment and specific exercises, as 
TrPs treatment seems to be more effective when integrated with a multimodal 




4.1 Central sensitization (CS) 
CS is defined as an “increased sensitivity of cortical and spinal neurons to sensory 
stimuli (Woolf, 2011). It may include an increased activity of pain facilitation 
pathways, malfunctioning of descending pain inhibitory pathways (Meeus et al., 
2008), which may also be the cause of a dysfunctional endogenous analgesic control 
in humans.
Furthermore, CS may include also an altered sensory process in the brain, temporal 
summation (Wind-up) (Staud et al., 2007), and increased activity of pain facilitatory 
mechanisms (Meeus and Nijs, 2007).
Clinically, CS is typically characterized by disproportionate pain and disability in 
relation to the nature and extent of injury or pathology: this differs from nociceptive 
pain, where the severity of pain is related to the nature and extent of tissue injury or 
pathology (Nijs et al., 2014).
In fact, CS may result in an increased sensibility to various stimuli: chemical, 
temperature, electrical, stress, emotions, mental load, light, noise/sound, weather, 
food, and they can all be considered manifestation of the hyper-responsiveness of 
the CNS (Desmeules et al., 2004, Kasch et al., 2005, Meeus et al., 2008, Banic et al., 
2004).
Finally, maladaptative psychosocial factors (e.g. negative emotions, poor self-
efficacy, maladaptive beliefs and pain behaviors) are often present in CS patients 
(Smart et al., 2012).
Clinical and experimental characteristics of CS have been observed in various 
chronic pain conditions (Drewes et al., 2006, Fingleton et al., 2015, Julien et al., 
2005, Nijs et al., 2014), but not all chronic pain patients show CS features: it is 
mandatory to recognize that specific sub-groups of patients with chronic pain 
conditions may present with CS at different degrees (Fernández-de-las-Peñas et al., 
2017, Arendt-Nielsen et al., 2015).
It is still unknown why some people are more prone to develop CS, but it seems that 
genetic predisposition and other biopsychosocial factor could play a role (Descalzi 
et al., 2015, Mourão et al., 2010). 
CS could also be present during acute pain conditions, like early whiplash patients, 
where abnormal sensory processing have been found to develop in the first week 
after the trauma, and, once established, it has an important predictive ability for the 
development of chronic pain (Sterling et al., 2003a).
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Pain sensitization may be present at different degrees, and the longer the pain or 
pathology persists, the more likely CS becomes dominant in the clinical picture 
(Arendt-Nielsen et al., 2015); however it has been experimentally rapidly induced in 
healthy subjects, with a sustained nociceptive peripheral input (Xu et al., 2010). 
Signs of CS have been found in different medical conditions (e.g. diabetes, chronic 
pancreatitis, peripheral arterial disease, sickle cell anemia, rheumatoid arthritis, 
hypertension, chronic cough, bone cancer, fibromyalgia, irritable bowel syndrome, 
dysmenorrhea, suggesting a possibly greater excitability of the CNS of these 
subjects (Woodcock et al., 2010, Vaughan et al., 2015, Meeus et al., 2007, Verne et 
al., 2002,  Moshiree et al., 2006, Meeus et al., 2012b, Griggs et al., 2016, Arendt-
Nielsen et al., 2014, Xue et al., 2012, Lang et al., 2006). 
Further, signs of CS have also been found in several musculoskeletal pain 
conditions, such as knee pain (Arendt-Nielsen et al., 2010), epicondylalgia 
(Fernández-Carnero et al., 2009), carpal tunnel (Fernández-de-Las-Peñas et al., 
2009), shoulder pain (Coronado et al., 2014), temporo-mandibular disorders (La 
Touche et al., 2017), tension-type headache (Ashina et al., 2006), low back pain 
(O’Neill et al., 2007).
Clinicians must be aware of the possibility of CS as it could make more difficult the 
clinical reasoning process (Nijs et al., 2011), and potentially limiting the 
rehabilitation outcome (Jull et al., 2007a).
Finally, it is important to remember that CS is a wording derived from the animal 
neuro-physiological literature, while in humans CS has been studied mainly with 
clinical observation, and experimental pain research may bridge the gap between 
animal studies and clinical observation in humans.
4.2 Assessment of sensitization
Central manifestations may be difficult to quantify with standard clinical 
examination, but QST may be helpful in the measurement of CS: specific tools have 
been proposed to analyze different aspects of CS, such as temporal summation 
(wind-up), after sensation, spatial summation, reflex receptive fields, descending 
pain modulation, offset analgesia, referred pain areas (Arendt-Nielsen and 
Yarnitsky, 2009).
Not all the QST may be easily applied in the clinical setting, and a variety of 
diagnostic surrogate markers, besides clinical history (e.g. intensity, 
character/modality, spatial and temporal characteristics, spontaneous/provoked, and 
possible exacerbating factors of the pain), are being used for assessment including 
questionnaires (e.g. neuropathic pain scales and pain features), simple bedside QST, 
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and mapping of areas with sensory abnormalities (Arendt-Nielsen and Yarnitsky, 
2009).
A lot of scientific papers refers to diagnosis, clinical findings, and treatment of CS, 
but it is necessary to remember that to nowdays it has never been directly measured 
in humans, and the only possible measurement of its clinical manifestations (i.e. 
hyperlagesia and allodynia) is through proxies. The terminology itself is commonly 
used improperly, as according to IASP definition, the word CS should only be 
applied when both input and output of the neural system under study are known 
(e.g., by controlling the stimulus and measuring the neural event) (Merskey and 
Bogduk, 1994).
Further, the fundamental question is if sensitization at all can be reliably and 
quantitatively assessed. Direct electrophysiological recordings from peripheral 
nociceptive afferents are not clinically applicable and recordings from central 
neurons are not an option for assessing sensitization in humans. 
As central manifestations can’t be measured directly in humans, experimental pain 
testing (i.e. QST) are commonly used as a proxy for measuring hyperexcitability of 
the central nervous system (Arendt-Nielsen and Yarnitsky, 2009, Curatolo et al., 
2011b).
It is important for clinicians to be able to identify CS in patients, for an early 
assessment, as they may require a different therapeutic approach (Curatolo et al., 
2006, Nijs et al., 2011).
Unfortunately, no gold standard for diagnosing CS exists: two questionnaires have 
been developed  (i.e. Pain Sensitivity Questionnaire, Central Sensitization 
Inventory), but it seems that clinical and physical assessment is necessary in order to 
identify more reliably CS patients (Nijs et al., 2014). 
From a clinical view-point, guidelines for the recognition of CS in patients with 
musculoskeletal pain have been proposed, but not validated, and they are of limited 
help to the clinicians in the decision-making process (Curatolo et al., 2001, Banic et 
al., 2004), and remains unclear how clinicians can recognize CS in individuals 
patients.
The clinical assessment and listen to the story of the patient, can give clues that will 
help the clinician in the recognition of CS (subjects show a general intolerance to 
any kind of physical or emotional stressors).
Symptoms like fatigue, concentration difficulties, not-refreshing sleep, sleep 
disturbances in general, are frequently experienced by CS patients (Yunus et al., 
2007).
The presence of prior pain conditions may increase the probability of developing CS 
(Carstensen et al., 2008), information about abnormal disease course and the general 
medical conditions (Nijs et al., 2010) may be also helpful for the clinicians. 
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Informations about the general health status was collected in paper IV, and it’s 
relationship with sensitization was studied: the results are reported in section 4.4.
An easy and quick QST that can be used in clinical practice, is the assessment of 
PPTs using a pressure algometer both in the painful and in pain-free distant area. 
The registered values should be significant lower from the values found in healthy 
subjects, to suppose the presence of CS mechanisms.
The amount of force and stress applied with the pressure algometer, has previously 
found to distributed more in the superficial versus the deep muscles (Finocchietti et 
al., 2011a), and is influenced by thickness of adipose tissue, potentially limitating 
the interpretation of algometry findings (Finocchietti et al., 2011b).
For that reason, in the present project PPTs were assessed in different superficial 
muscles (i.e. upper trapezius, tibialis anterior, extensor carpi radialis longus): the 
mean PPTs values of the subjects included in paper II, III, and IV (see Table 2) 
were lower than PPTs reported in healthy subjects studies (Rolke et al., 2006, Waller 
et al., 2015, Antonaci et al., 1998).
However, there is still a lack of reference standard that may indicate when the PPTs 
values are indicating the presence of CS.
Useful informations may be obtained assessing the psychophysical response after 
exposure to experimental painful stimuli in both patients and healthy subjects, as 
alterations in the response may help in detecting subjects with CS processes 
(Coronado et al., 2014), but these assessment may be performed only experimentally 
and are not helpful for clinicians.
Other manifestations of CS may be assessed in experimental studies, and include 
also other measurement, as nociceptive withdrawal reflexes, reflex receptive fields, 
thermal pain thresholds, wind-up of C fibers, brachial plexus provocation test and 
pinprick stimuli, which can all be proxies for the level of CS, but they goes beyond 
the scope of this paper so will not be discussed more deeply (Rolke et al., 2006).
Finally, clinicians should always remember that CS is not an all-or-nothing 
phenomenon, but it can be present at different degrees in patients with the same 
medical diagnosis, but different clinical manifestations (e.g. whiplash associated 
disorders, non-specific low back pain) (Roussel et al., 2013).
For example, as previously discussed, CS has been found to develop very soon in 
whiplash patients (Sterling et al., 2003a and 2006), but not all acute whiplash 
patients present signs of CS.
It is clearly emerging the need of sub-grouping subjects with various 
musculoskeletal pain conditions, distinguishing between subjects in which  CS 
manifestations dominate the whole picture, from those who have a clinical 
presentation without (or with low) signs of CS.
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4.3 The role of  TrPs in driving sensitization 
The presence of multiple or long lasting TrPs may sensitize supraspinal centers 
(Mense and Gerwin, 2010), resulting in enhanced descending facilitation that 
contributes to the amplification and spreading of pain (Nystrom and Freeman, 2017, 
Graven-Nielsen, 2006).
It has been experimentally shown, that the mechanical stimulation of a latent TrPs, 
induced mechanical hyperalgesia in extrasegmental deep tissue (Xu et al., 2010).
Furthermore, in experimental pain studies, inactivation of active TrPs  with 
anesthetic injections significantly decreased mechanical hyperalgesia, allodynia, and 
referred pain, which are all manifestations of CS (Freeman et al., 2009, Affaitati et 
al., 2011, Giamberardino et al., 2007): it is important to remember that CS is a 
reversible process which can be modulated by TrPs to some extent.
Thus, TrPs are considered a peripheral nociceptive input, which may produce and 
contribute to CS (Freeman et al., 2009), but on the other hand, CS may increase the 
TrPs sensitivity through segmental pathways, resulting in decreased PPTs over TrPs, 
and increased amplitude of the spontaneous electrical activity (Srbely et al., 2010).
Furthermore, TrPs are one of the major contributors to the impaired descending 
inhibition in chronic musculoskeletal pain conditions, leading to an increased 
mechanical pain sensitivity of muscle tissue itself (Graven-Nielsen, 2006).
In both paper III and IV, it was found that subjects with active TrPs in upper 
trapezius muscle exhibited lower PPTs (both locally and in pain-free distant area) 
than those with latent TrPs in the same muscle (Table 4).
This has been found in both WAD and  MNP subjects (Paper III), and in a mixed 
sample of WAD and MNP subjects (Paper IV), supporting the importance of active 
TrPs on widespread pressure pain hypersensitivity, regardless the origin of neck 
pain.
Further, it has been previously experimentally reported a pain model where TrPs 
have been proposed as at the basis for sensitization in tension-type headache 
(Fernández-de-las-Peñas et al., 2007c).
These findings support the importance of active TrPs on CS manifestations  in neck 
pain subjects regardless the pathogenesis of neck pain complaints. 
In paper I it has been found that WAD subjects present a greater number of active 
TrPs in neck and shoulder muscles compared to MNP (Figure 3 and Table 3): this 
could be one of the factors contributing to the higher degree of CS usually found in 
WAD subjects. Nevertheless, no significant differences for pain area and pain 
intensity were found in paper I between MNP and WAD subjects, indicating pain 
intensity and pain area are influenced also by other factors (e.g. psychological status, 
work related activity, health status, pain duration).
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As CS is a progressive phenomenon, and TrPs may develop in both neck pain 
populations, it seems that identify sub-group of MNP subjects with high level of CS 
may be possible, as previously reported (Javanshir et al., 2010, Johnston et al., 
2008a, Mejuto-Vasquez et al., 2014, Lopez-de-Uralde-Villanueva et al., 2016).
Recently, four cluster of neck pain patients (mixed sample including also whiplash 
subjects) subjects have been identified according to level of PPTs locally and in 
pain-free distant location: the most common cluster (67% of the total sample) 
included neck pain subjects presenting with signs of central pain processing 
dysfunction (Walton et al., 2017).
From a clinical viewpoint, there is the need to translate group findings to individual 
subjects, in order to be helpful in terms of prognosis and individually tailored 
treatment choice, as the mean degree of CS is not representing all subjects from a 
sample (Walton et al., 2017).
4.4 Health history and CS
Collecting data about the general health status of the subject might help the 
clinicians with useful  information in relation to the degree of CS (Nijs et al., 2010), 
as previous pain conditions may increase the probability of  poor outcome and 
persistent pain (possibly related to CS) (Carstensen et al., 2008).
Indeed, signs of CS have been found in many medical conditions and 
musculoskeletal pain conditions (O’Neill et al., 2007, Ashina et al., 2006,  
Bouwense et al., 2013, Griggs et al., 2016).
History of prolonged medication intake may add useful information as long terms 
intake of some medications (e.g. analgesic overuse) may promote a generalized 
hyperalgesia (Angst et al., 2006, Lee et al., 2011, Ferrari et al., 2015).
In paper IV, the use of analgesics daily or almost daily for more than 1 month during 
the last 12 months was defined as long terms intake of medication, which is a 
common situation in neck pain subjects (Zwart et al., 2004).
One of the most studied relationship between medication overuse and CS is 
medication overuse headache, in which altered pain perception has been found, and 
which has found to improve after detoxification (Munksgaard et al., 2013, Evers et 
al., 2010).
Furthermore, in paper IV medication taken on a regular basis for specific medical 
conditions were also considered for long terms intake of medication, as their 
interaction with CS have not been previously studied.
Medication which are commonly used in the management of CS manifestations (e.g. 




channel blockers, NSAIDs) were not considered in the analysis of medication  
(Curatolo et al., 2006, Nekovarova et al., 2014, Sawynok et al., 2001).
For example, the antinociceptive effect of paracetamol is known, but conversely, the 
chronic use of paracetamol may result in the loss of analgesic efficacy and, in its 
more extreme form, may produce analgesic-related painful conditions 
(Srikiatkhachorn et al., 2000). 
This support the idea that prolonged medication intake may to some extent have an 
influence on CS progression.
Persistent postoperative pain may develop in 10% to 50% of individuals after 
common operations  (Kehlet et al., 2006): many common surgeries may be 
associated with the development of CS (Juhl et al., 2008, Fernández -Lao et al., 
2011, Sanchez-Jimenez et al., 2014, Skou et al., 2013, Mi-Hyun Kim et al., 2014).
Surgery, by nature, involves the cutting of tissues (e.g. nerves, skin, deeper tissues) 
leading to an inflammatory response, which in some people may over time lead to 
the development of deep tissue hyperalgesia (Kehlet et al., 2006).
In particular, the activation of deep tissue nociceptors has been shown to induce 
more and longer central nervous nociceptive activity than the activation of cutaneous 
fibers (Wall and Woolf, 1984).
On the other hand, it has been reported a normalization of widespread pressure pain 
hypersensitivity after total hip replacement, suggesting that in some subjects 
removing the peripheral input may be the most important factor (Aranda-Villalobos 
et al., 2013, Graven-Nielsen et al., 2012) for reducing CS manifestations.
To the authors knowledge, a general investigation of the role of health history (i.e. 
comorbid medical conditions, prolonged medication intake, comorbid 
musculoskeletal pain conditions, previous surgical operations) on sensitization in 
neck pain subjects have never been studied before.
The hypothesis was that subjects with longer and worse health history outcomes, 
would show greater signs of CS.
In paper IV, a mixed sample of  neck pain subjects (50% MNP and 50% WAD) 
were assessed for PPTs over upper trapezius, extensor carpi radialis longus and 
tibialis anterior muscles, for the presence of active/latent TrPs over upper trapezius 
muscles, and for health history. In paper IV, differently from the other papers, 
subjects with WAD and MNP were grouped together for the statistical analysis, 
creating a mixed sample of neck pain subjects.
Two aspects of each health history variables were studied: the number of the 
condition for each variable, and the duration (or time) for each variable.
In subjects presenting with more than one condition for any variable, in the analysis 
on duration (or time) the oldest condition was considered. By doing so, it has been 
possible to study the relationship of the health complaints with the longest duration 
and CS. For comorbid medical conditions it was registered since how many years 
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subjects suffers from the oldest of them, for prolonged medication intake it was 
registered when did they start taking the medication they are taking from longer 
time, for other musculoskeletal pain conditions it was registered when did they start 
to suffer from the oldest musculoskeletal pain they have, and for surgical operations 
it was registered the time passed since the oldest operation they had.
Significant strong to moderate negative correlations between the duration of health 
history variables and PPTs were found: 
- between the duration of comorbid medical condition and: PPT over upper 
trapezius (rs=-0.61; P<0.001), PPT over extensor carpi radialis longus (rs=-
0.7; P<0.001), and PPT over tibialis anterior (rs=-0.67; P<0.001) muscles
- between the duration of prolonged medication intake and: PPT over upper 
trapezius (rs=-0.75; P<0.001), PPT over extensor carpi radialis longus (rs=-
0.66; P=0.01), and PPT over tibialis anterior (rs=-0.62; P=0.02) muscles
- between the duration of other musculoskeletal pain condition and: PPT 
over upper trapezius (rs=-0.65; P<0.001), PPT over extensor carpi radialis 
longus (rs=-0.79; P=0.001), and PPT over tibialis anterior (rs=-0.52; 
P=0.03) muscles
- between the time passed since previous surgical operation and: PPT over 
upper trapezius (rs=-0.55; P<0.001), PPT over extensor carpi radialis 
longus (rs=-0.45; P=0.04), and PPT over tibialis anterior (rs=-0.47; P=0.03) 
muscles.
The longer subjects have been suffering from a comorbid medical condition, the 
longer they have been exposed to prolonged medication intake, the more time has 
passed since a surgical operation, and the longer they have been suffering from other 
musculoskeletal pain conditions, the lower were the PPTs both locally and 
widespread (Figures 5,6,7,8).These findings support the role of time in the 
development and progression of pain hypersensitivity, as also found in a previous 
study in which an association between pain duration and PPT levels was found 
(Arendt-Nielsen et al., 2015). 
Similar findings have recently been found in tension-type headache: subjects with a 
longer history of pain exhibited higher widespread pressure pain hypersensitivity 




Figure 5. Scatter plot of correlation between the duration of comorbid medical 
conditions and PPTs over upper trapezius, extensor carpi radialis longus, and tibialis 
anterior muscles (data from paper IV)
kPa: kilopascal; PPTs: pressure pain thresholds. Note that some points are 
overlapping. A negative linear regression line is fitted to the data
*Correlation is significant at the 0.01 level (2-tailed)
These findings may suggest that the long-lasting nociceptive input (comorbid 
medical conditions and other musculoskeletal pain conditions) or nociception from a 
tissue injury (as a result of previous surgical operation) may promote further 
development of widespread hyperalgesia during time. 
The duration of the period taking continuous medication may be related to a specific 
medical condition for which the subjects are taking medication (remanding to the 
time suffering from a medical condition), or self-management of various symptoms 
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with analgesic drugs abuse which may promote hyperalgesia (Srikiatkhachorn et al., 
2000).
Nevertheless, no longitudinal studies have been performed to nowdays, and they are 
needed to further investigate the transition from acute and localized pain conditions 
to a widespread pressure pain hypersensitivity.
Figure 6. Scatter plot of correlation between the duration of prolonged medications 
intake and PPTs over upper trapezius, extensor carpi radialis longus, and tibialis 
anterior muscles (data from paper IV)
kPa: kilopascal; PPTs: pressure pain thresholds. Note that some points are 
overlapping. A negative linear regression line is fitted to the data
*Correlation is significant at the 0.01 level (2-tailed)
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The importance of time in the transition from localized pain to a widespread pain 
condition, has been suggested by Graven-Nielsen and Arendt-Nielsen: tissue injury 
and nociception from deep tissue (e.g. TrPs) causes a progressive sensitization of the 
pain system along the neuroaxis to the CNS centers. When a larger part of the 
central pain system is sensitized, widespread pressure pain hypersensitivity will 
develop. The time necessary to this progressive sensitization is still unclear (Arendt-
Nielsen et al., 2015, Fernández-de-las-Peñas et al., 2017, Graven-Nielsen and 
Arendt-Nielsen 2010).
Figure 7. Scatter plot of correlation between the duration of other musculoskeletal 
pain conditions and PPTs over upper trapezius, extensor carpi radialis longus, and 
tibialis anterior muscles (data from paper IV)
kPa: kilopascal; PPTs: pressure pain thresholds. Note that some points are 
overlapping. A negative linear regression line is fitted to the data
*Correlation is significant at the 0.01 level (2-tailed)
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According to that, the duration of health status variables may promote a progressive 
sensitization, explaining why in paper IV the duration of health history complaints 
was related with widespread pressure pain hypersensitivity.
The lack of a healthy control group does not allow to generalize the findings of 
paper IV, as these correlations may be present also in other conditions or healthy 
subjects.
As paper IV was an explorative study and the study sample was to small, separate 
analysis for every different type of medical condition, musculoskeletal pain 
conditions, medication intake, surgical operation were not performed.
No associations between the number of health history variables and PPTs were 
found (all, P>0.15). A possible explanation for that could be that the mean number 
of  comorbid medical conditions (0.5), regular medication intake (0.3), surgical 
operations (1.3), and comorbid musculoskeletal pain conditions (0.45) found in our 
sample was low.
Future research should focus on longitudinal studies, which would help in better 
understanding the spreading of pressure pain hypersensitivity over time.
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Figure 8. Scatter plot of correlation between the time passed from receiving surgical 
operations and PPTs over upper trapezius, extensor carpi radialis longus, and tibialis 
anterior muscles (data from paper IV)
kPa: kilopascal; PPTs: pressure pain thresholds. Note that some points are 
overlapping. A negative linear regression line is fitted to the data
*Correlation is significant at the 0.01 level (2-tailed)
4.5 Management of CS
When CS may dominate the clinical picture of the patient, this could limit the 
response to treatment (Jull et al., 2007a), as removing or reducing the peripheral 
input may not be sufficient, and a multimodal approach is necessary, involving 
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pharmacological aspects , cognitive information-process approaches and 
rehabilitation treatments (Nijs et al., 2011).
The following approaches may be needed: 1) target the periphery removing the 
peripheral nociceptive input (when possible), 2) specific pharmacologic intervention 
acting at supraspinal and spinal level, 3) psychologic intervention, 4) exercise and 
education (for increasing the activation of descending inhibitory systems) (Curatolo 
et al., 2006, Nijs et al., 2011).
The main target can be the brain (top-down approach), or the peripheral input 
(bottom-up): the primary target should depend on the clinical picture, as some 
subjects may present with a clear evidence of peripheral nociceptive input (e.g. TrPs 
or osteoarthritis), and some may not (Nijs et al., 2014).
For example, in some chronic WAD subjects cervical radiofrequency neurotomy 
may reduce CS, but in this study a placebo group was missing (Smith et al., 2014).
Further, inactivation of active TrPs, may provoke a segmental and generalized 
desensitization effect, supporting the importance of modulating CS through the 
periphery (Xu et al., 2010, Herren-Gerber et al., 2004).
Surgical operation aiming at reducing the nociceptive input from the damaged 
tissue, has shown to decrease the degree of CS in some patients with hip 
degeneration (Aranda-Villalobos et al., 2013, Graven-Nielsen et al., 2012).
At the same time, sustained nociceptive stimulation (activation) of latent TrPs in 
healthy subjects may initiate widespread CS, confirming that TrPs may be an 
important peripheral pain generators that may rapidly initiate CS (Xu et al., 2010).
MT can be considered helpful in reducing the peripheral nociceptive input (thus 
leading to less barrage to the CNS), but on the other hand may be a stressor as well 
producing more nociceptive input. In fact, too strong techniques or exercises may 
accelerate CS (Nijs et al., 2009) instead of being helpful, so they should be dosed 
according to the response of the patient. This would be indicating that the 
descending anti-nociceptive pathways are unable to suppress temporal summation 
(wind-up) of nociceptive stimuli from the periphery. 
In paper II the proposed treatment protocol was aiming at reducing the peripheral 
nociceptive input, using MT and specific neck exercises (increasing the activation of 
descending inhibitory systems).
Both WAD and MNP subjects showed a significant decrease of neck pain intensity, 
neck-related disability, pain area extension (all, P<0.001) (Figure 9,10,11), but not a 
significant increase (hypoalgesia) in PPTs (all, P>0.222).
These findings seem to indicate that even if symptoms reported by subjects 
improves, widespread pressure pain hypersensitivity may not significantly change. 
This may be due to the limited protocol we used: targeting the periphery with may 
be necessary as the peripheral input seems to be important for maintaining the CS 
(Baron et al., 2013), but not sufficient for all neck pain subjects, as probably more 
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sensitized subjects need a multimodal approach (i.e. pharmacological or 
psychological), also targeting the CNS directly (Nijs et al., 2011).
This was found in both groups, suggesting that also some MNP subjects may need a 
multimodal approach not limitated to MT and exercises in order to improve signs of 
CS.
In fact, being the brain CNS sensitized, it should be also targeted of the treatment, 
and biopsychosocial approach, patients education, pharmacological interventions 
(e.g. pregabalin, gabapentin, tricyclic antidepressant, N-Methyl-D-aspartate 
antagonists, sodium channel blockers) may all be helpful intervents (Curatolo et al., 
2006, Nekovarova et al., 2014, Sawynok et al., 2001): the main goal is to activate 
inhibitory descending system and desensitize the CNS (Nijs et al., 2014).
The pharmacological management of CS was out of the  scope of this thesis, in 
which the proposed therapeutic protocol was composed by MT and exercises, and 
will not be discuss in details. 




5. MANUAL THERAPY (MT)
5.1 MT in musculoskeletal pain conditions
MT is a combination of techniques (as manipulation, mobilization, and soft tissue 
therapies, among others) and movement applied by experienced clinicians than may 
target (directly or indirectly) a variety of anatomical structures (i.e. muscles, joints, 
nerves, ligaments, tendons, disc), with the intent to improve the pain experience of 
the patients, and to restore the normal biomechanical function (Basmajian and  
Nyberg, 1993).
Mobilization is described as a low-grade passive movement  (within its passive and 
active range of motion (ROM)) with varying amplitudes (Pool et al., 2006), in 
contrast to manipulation, a high-velocity, low-amplitude thrust technique in which 
manual force is applied to joints  beyond its active and passive ROM (McReynolds 
and Sheridan, 2005).
Different papers suggest MT as effective (but often lacking of a control group) in the 
management of musculoskeletal disorders, including shoulder pain, hip 
osteoarthritis, knee osteoarthritis, carpal tunnel syndrome, low back pain, tension-
type headache, cervicogenic headache, and neck pain (Chaibi and Russel 2012, 
Bialosky et al.,2009, Espí-López et al., 2014).
Further, It is rarely associated with serious complications (less than most 
medications) (Carnes et al., 2010).
A recent systematic review, concluded that moderate evidence exists supporting that 
MT reduces widespread pressure pain hypersensitivity in musculoskeletal pain, but 
the clinical relevance remains still unclear (Voogt et al., 2015). This could seem in 
contrast with the findings of paper II, but it is necessary to remember that in the 
review of Voogt et al (2015) all musculoskeletal pain were analyzed, while 
considering only neck pain studies, they also found inconsistent conclusions, with 
two studies finding significant results, and two studies finding  no significant results.
5.2 Mechanisms of action of MT
MT is likely to be effective through both biomechanical and neuro-physiological 
mechanisms (Bialosky et al., 2009), but the mechanisms are not fully understood to 
date.
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These two aspects interact as biomechanical parameters (i.e. force, duration, 
direction of a technique) produces dose-dependent neuro-physiological responses 
(e.g. EMG activity, muscle inhibition, hypoalgesic responses) (McLean et al.,2002, 
Colloca et al., 2006).
Biomechanical effects have shown only a transient effect (Hsieh et al., 2002), poor 
reliability of assessment (Seffinger et al., 2004), and poor specificity of action on the 
targeted segment (Herzog et al., 2001, Ross et al., 2004): in fact, improvement in 
signs and symptoms is obtained also targeting an area away from symptoms location 
(Cleland et al., 2007, Vicenzino et al., 1996).
These information about biomechanical effects suggests that additional mechanisms 
of action may be relevant: however, the cascade of neuro-physiological responses is 
initiated by a mechanical force from the periphery (Bialosky et al., 2009). 
Neuro-physiological mechanisms includes peripheral, spinal, and supraspinal 
mechanisms.
Peripheral mechanisms may include a significant reduction of blood and serum 
cytokines levels (Teodorczyk-Injeyan et al., 2006), and an increase of blood levels 
of beta-endorphin, anandamine, N-palmitoylethanolamide, serotonin and 
endogenous cannabinoids (McPartland et al., 2005).
MT may modulate spinal mechanisms as well, with an animal study showing 
decreased activation of the dorsal horn after intervention (Malisza et al., 2003a), 
hypoalgesia (Vicenzino et al., 2001), changes in muscle activity (Herzog et al., 
1999), and decrease of temporal summation (Bishop et al., 2011).
The involvement of supraspinal systems has been corroborated through the 
observation of hypoalgesia and excitation of the sympathetic nervous system (e.g. 
changes in heart rate, blood pressure, skin blood flow) with the application of MT 
techniques (Kingston et al., 2014), and an MRI study on brain region involved in 
pain experience, which showed a decreased activity following MT intervention 
(Malisza et al., 2003b).
Other variables like expectations, psychosocial factors, the therapeutic alliance 
between patient and clinician, and placebo may influence the effectiveness of MT 
(Kalauokalani et al., 2001, Williams et al., 2007, Fuentes et al., 2014).
Particularly, the patient’s expectation on a given kind of intervention may be more 
important on the outcome than the actual intervention applied: therefore, it is 
essential to consider the patient’s expectation and preferences when deciding which 
techniques is better for him, as identifying individuals which are more likely to 
respond seems to be the most important factor (Bishop et al., 2013, Kent et al., 
2005).
MT may help in desensitizing the CNS, through exposures to nonthreatening 
mechanical stimuli, and through patient education, possible helping modulation the 
pain sensitization (Nijs et al., 2011).
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However the individual and relative roles of the different interventions are not 
knows in details as randomized controlled trials are lacking.
A better understanding of the mechanisms is essential for identifying patients likely 
to respond to MT, and in order to provide a greater acceptance of MT by healthcare 
providers (Wahner-Roedler et al., 2006).
5.3 MT and exercises in neck pain 
As neck pain is a common complain, many subjects search for conservative 
treatments such as MT and exercises for pain relief.
MT and exercises are often used as options in the treatment of neck pain, and 
different reviews support their effectiveness (Bronfort et al., 2004, Gross et al., 
2004), also in specific groups of neck pain, as WAD and MNP (Miller et al., 2010, 
Kay et al., 2012).
This literature shows evidence of reduction of pain and disability, and improvement 
in overall quality of life with MTs in neck pain patients (Bronfort et al., 2004, Gross 
et al., 2004).
However, inclusion criteria, methodological quality, pain duration, and outcomes 
assessment are often very various (Sarigiovannis & Hollis, 2005).
This may at least partially explain why still no consensus exists to which approach is 
the best to manage neck pain patients, but a combination of  MT and exercises 
seems to give the best clinical outcomes, as reported by another systematic review 
(Macaulay et al., 2007).
In fact, also a recent systematic review, reported that no conclusion regarding the 
type of MT techniques can be drawn yet (Voogt et al., 2015).
It is clearly emerging the need of profiling subjects according to prognostic factors, 
in order to give the appropriate therapy to specific sub-groups of neck pain subjects: 
for example, those at high risk of poor recovery may need a more variated approach 
from those at low risk of poor recovery.
On the other hand, too intensive multimodal approach may have iatrogenic effects, 
reinforcing beliefs of having something serious and which can’t be easily solved.
A Cochrane review concluded that manipulation and mobilization produces similar 
changes (Gross et al., 2010): in  study II, spinal mobilization was included but not 
spinal manipulation, as its clinical effects seems to be similar but with lesser risk for 
the vertebral artery, and it is a technique well accepted by all patients.
A recent update from the same group, concluded that specific strengthening 
exercises of the neck, scapulothoracic and shoulder are beneficial for chronic neck 
pain patients, but again, the optimal dosage is still unclear (Gross et al., 2016).
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However, specific exercises must be tailored, as general exercise doesn’t seem to 
help in long-term for pain and disability in WAD subjects (Griffin et al., 2017).
To nowdays, which is the best exercise approach in chronic WAD (Ludvigsson et 
al., 2015) and chronic MNP (Evans et al., 2012) is still controversial. 
Furthermore, different factors (pain intensity, disability, phase of neck pain and 
muscle function) may influence the response to exercise.
For example, in the first phase low load exercise are usually choosen, as they are 
safe and must be pain-free, as pain has an immediate effect on muscle function 
(Cagnie et al., 2011). 
In neck pain subjects, changes in sensorimotor function are commonly found, and 
may include: delayed activation of deep muscles with postural perturbation (Falla et 
al., 2004a), reduced specifity of sternocleidomastoid muscles (Falla et al., 2010), 
muscle fibers changes (Uhlig et al., 1995), reduced smoothness of movement (Grip 
et al., 2008), and decreased muscle cross-sectional area and fatty infiltration (Elliott 
et al., 2011).
In the first stages, these modification may reflect an attempt of the CNS to protect 
the painful/injured region from further damage or pain (Hodges et al., 2003).
Of particular relevance are deep cervical flexors (i.e. longus colli and longus 
capitis), which  have shown impaired activation in people with neck pain (Falla et 
al., 2004b). These muscles are usually assessed through the cranio-cervical flexion 
test (Jull et al., 2008), which has shown content validity and reliability (Jørgensen et 
al., 2014).
These dysfunctions have been found among different chronic neck pain populations: 
in subjects with cervicogenic headache (Jull et al., 2007b), with WAD (Sterling et 
al., 2003b), with non-specific neck pain (Jull et al., 2004), and with occupational 
factors (Johnston et al., 2008b).
These muscles have an important role in supporting the cervical posture, due to their 
role in segmental stability which is not accomplished when only large superficial 
muscles (i.e. sternocleidomastoid and anterior scalene muscles) are active (Vasavada 
et al., 1998).
It has been recently confirmed that sternocleidomastoid and anterior scalene muscles 
iperactivity is an indicator of reduced activity of the deep cervical flexors during 
cranio-cervical flexion test (Jull and Falla, 2016).
Confirming this idea, it has been shown that subjects with chronic neck pain have a 
reduced ability to maintain a good sitting posture during a distracting task when 
compared to healthy subjects, and a re-training program of the deep muscles 
demonstrated a significant improvement in maintaining a good sitting posture 
(improvement not found in patients performing a conventional endurance-strength 
training of the cervical flexors muscles) (Falla et al., 2007).
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Retraining the deep cervical flexors has a positive effect in reducing neck symptoms 
(Falla et al., 2012, Falla et al., 2013, Almaz Abdel-aziem and Hussin Draz, 2016), 
and improve deep flexors activation (Jull et al., 2009), but the effect on 
improvement in PPTs levels is controversial (Izquierdo et al., 2016, Lluch et al., 
2013).
On the other hand, a 12 weeks exercise programme (craniocervical flexion training, 
neck extensor training, scapular training, posture re-education, and sensorimotor 
exercises)  did not provide additional benefit on pain intensity over advice alone in 
chronic WAD subjects (Michaleff et al., 2014).
Because no clear evidence of which MT and exercise combinations  gives the best 
clinical outcomes, in paper II it was investigated the response to a multimodal 
therapeutic protocol for subjects with WAD and MNP (six sessions in total).
It is necessary to remind that when applying a protocol involving different 
techniques is hard to identify which one of the techniques has been more useful in 
terms of improvement.
In paper II, every session lasted 30 minutes, and included soft tissue techniques (IC 
of TrPs), spinal mobilization, muscle energy techniques, manual traction, and 
specific cervical spine exercise (retraction and deep neck flexors retraining).
TrPs treatment (IC) was applied to active TrPs in the suboccipital, upper trapezius, 
levator scapulae, and sternocleidomastoid muscle bilaterally, with the diagnosis 
performed as described by Simons (1999).
The technique was maintained for every muscle until the subject reported a decrease 
of pain of around 50%, and in any case never more than two minutes (Cagnie et al., 
2013, Aguilera et al., 2009).
Then, as the upper trapezius is usually the muscle most affected by TrPs in 
individuals with neck pain (Chiarotto et al., 2016), muscle  energy technique was 
applied over this muscle bilaterally, as described by Nagrale et al., 2010.
Spinal mobilization (grade III-IV central posterior-anterior) was performed on each 
spinal process from T4 to C3 for 30 seconds in each level (Maitland, 1983), 
followed by a light manual intermittent traction for two minutes (Jellad et al., 2009).
Finally, subjects were instructed about how to perform home exercises consisting in 
cranio-cervical flexion training targeting deep neck flexors (i.e. longus colli and 
longus capitis), and retraction exercise, both performed 4-5 times a day with 10 
repetitions on each session.
At the end of every MT session subjects were asked to perform both exercise, and if 
the therapist noted an improvement (consisting in less fatigue, less compensatory 
movement, better quality of movement, or less activation of the superficial muscles 
in the deep neck flexor exercise), subjects were asked to raise the duration of every 
single repetitions to 5 or 10 seconds holds. 
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In fact, low load exercise has been proven to produce an hypoalgesic effects greater 
than higher load exercise (O’Leary et al., 2007), while progressing to greater load 
targets more strength and resistance to fatigue (O’Leary et al., 2012).
This was a standardized protocol, but specific exercises need to be individually 
tailored, as “one size fits all” approach to exercise may not be adequate, but the 
choice of exercises must be drive by the assessment to identify the physical features 
that are likely to be related to the patient's symptoms, in order to get the best 
improvement (Falla and Hodges, 2017).
The main objective of paper II was not to propose a new protocol for treatment of 
neck pain subjects, but to establish if a different response to MT and exercises may 
be expected and if so if this could be related to different degree of sensitization.
In fact, when altered central pain processing is present, this could limit the 
effectiveness of therapeutic exercises, and CS should be addressed before or in 
combination with exercises (Nijs et al., 2015). 
Results from paper II showed that WAD subjects at baseline exhibited higher neck-
related disability (P=0.021), larger pain areas (P=0.003) and lower PPTs in the 
tibialis anterior muscle (P=0.009) than those with MNP (Table 2), which can be all 
considered related to higher sensitization levels (Johnston et al., 2008a, O’Neill et 
al., 2007, Fernández-Carnero et al., 2009).
Nevertheless, surprisingly this did not influence the response to MT intervention, 
with both groups showing similar improvements for all clinical outcomes (pain 
intensity, neck-related disability, pain area extension) (all, P<0.01).
Figures 9,10, and 11 shows the mean of pain intensity, neck-related disability, and 




Figure 9. NPRS improvement with MT treatment in both groups (data from paper 
II)
NPRS: numeric pain rating scale; MNP: mechanical neck pain; WAD: whiplash-associated 
disorders.
Data are expressed as mean ± standard deviation (95% confidence interval).
*Significant differences (P<0.05) between baseline and end time-points in NPRS values.
It has been previously found that subjects with chronic WAD and signs of 
sensitization, showed minimal improvement (Jull et al., 2007a): the different 
treatment approach used in the present paper, difference in the neck pain population 
may explain these findings which could lead to different conclusions.
Furthermore, no significant changes in PPTs levels were found in the two groups 
(both, P>0.222), informing that the proposed MT protocol alone  is not enough to 
provoke a change in widespread pressure pain hypersensitivity (i.e. increasing 
PPTs), suggesting that a multimodal approach may be required.
These findings suggest that CS may be present at different degrees in subjects from 
both groups, but this does not seems to limit the clinical improvements (in subjects 
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with a mean level of pain and disability), although this approach alone seems to be 
non sufficient to provoke an improvement in PPTs and that therapeutic approaches 
targeting also CNS hyperexcitability are needed.
Figure 10. NDI improvement with MT treatment in both groups (data from paper II)
NPRS: numeric pain rating scale; MNP: mechanical neck pain; WAD: whiplash-associated 
disorders. 
Data are expressed as mean ± standard deviation (95% confidence interval).
*Significant differences (P<0.05) between baseline and end time-points in NDI values.
A greater sample size would have allowed to create sub-group of subjects from both 
groups with the greatest signs of CS; this could help to understand if the level of CS 
may be the key for recognizing which subjects may show the best response to MT 
treatment, for both clinical and psychophysical outcomes, and thus allowing to 




In conclusion, these results support that neck pain subjects may benefit from MT 
and exercises (as previously reported in many papers), regardless of neck pain 
origin, but if CS is present in some subjects, these may require a multimodal 
approach targeting also the CNS. Neck pain subjects may improve in clinical 
outcomes with MT and exercises, despite not having a reduction of CS: it is an 
important finding which suggest that if CS remains a feature of these improved 
subjects, this may be a possible explanation for  the typical course of many chronic 
neck pain subjects with aggravation and remission.
 Figure 11. Pain area improvement with MT treatment in both groups (data from 
paper II)
NPRS: numeric pain rating scale; MNP: mechanical neck pain; WAD: whiplash-associated 
disorders. 
Data are expressed as mean ± standard deviation (95% confidence interval).
*Significant differences (P<0.05) between baseline and end time-points in pain area values. 




6. LIMITATIONS OF THE STUDIES
The first limitation is that a control group of healthy subjects has not been included 
in the studies. This limit the generalizability of our findings, as it can’t be excluded 
that healthy subjects may present some of the same characteristics.
Sample size did not allow sub-group analysis: this would help to identify which 
subjects are more sensitized in both groups, and which characteristics may be related 
to the degree of sensitization (e.g. physical characteristics, number of TrPs, clinical 
presentation, response to treatment, health status).
Further, the informations regarding CS were obtained only with PPTs assessment 
and clinical investigation, but other features could be investigated with more QST 
and give a more complete picture (e.g. thermal pain thresholds, conditioning pain 
modulation, nociception flexor reflex) of central pain processing alterations. 
Pressure algometry may not sufficiently assess sensitivity of deep tissues (as also 
superficial tissues are stimulated) and central nervous system hypersensitivity.
In the same way, the physical examination did not include ROM measurement, 
which is commonly reduced in neck pain (Spitzer et al., 1995;,Treleaven, 2008), but 
has shown to be an inconsistent factor in the prognosis of neck pain (Walton et al., 
2013).
In paper III and IV, TrPs have been investigated only in upper trapezius muscles; 
although the result support the importance of active TrPs on sensitization, assessing 
more muscles may help in having better informations on the role of TrPs on 
sensitization (and spatial summation phenomenon).
Paper IV supported the importance of time in the spreading of sensitization: but the 
study had a cross-sectional design, while longitudinal studies would help in 
understand the transition from localized to widespread sensitization.
Different medical conditions or different medication may have a different 
importance in pain sensitization: specific statistical analysis for different medication 
and different medical conditions may help in determining if some of them may be 
more implicated in the sensitization process.
Finally, psychological aspects are often present in neck pain subjects (especially in 
WAD subjects) and may have an influence on the clinical presentation and outcomes 
of rehabilitation, as they likely interact with other aspects of the clinical picture and 
may play a role in the symptoms experience. An exploration of the psychological 
aspects was out of the scope of this project and for that reason has not been 
investigated.
At this stage, selection bias (chronic neck pain searching for treatment in the 
symptomatic phase) may limit the clinical relevance of the present findings and it’s 




The result of the present project support the importance of  TrPs in neck pain 
subjects, as they can be part of the sensitization process, and they are relevant in 
both WAD and MNP subjects, although WAD subjects showed a higher prevalence 
of active TrPs.
It is necessary to identify neck pain subjects with the greater signs of sensitization, 
regardless the cause of neck pain: in fact, even if MNP subjects shows less signs of 
CS, some individuals of this group may be characterized by a sensitization of the 
pain system, requiring an adequate treatment.
Further, the associations between clinical and psychophysical outcomes were similar 
in the two groups, and they does not seem to be influenced by the pathogenesis of 
neck pain.
MT seems to produce similar effects on improving pain and disability, but not 
helping in decreasing widespread pressure pain hypersensitivity, which may need to 
be addressed with central-aging treatments and not only from the periphery.
The present findings suggest that the health status may influence the intensity of 
pain sensitization, and it should be investigated in neck pain subjects.
Particularly the duration of health status complaints seems to be an important factor, 
related to the degree of widespread pressure pain hypersensitivity.
On conclusion, profiling subjects with neck pain may help in finding the better 
therapeutic option for every single subjects regardless the origin of neck pain, as 
sensitization may be present also in some individuals with MNP, and they need to be 
clinically identified.
In fact, the most sensitized subjects may rapidly improve in the short term with MT 
and exercises, but this improvement in clinical outcomes may not be accompanied 
by a reduction of CS, which may possibly represent one of the mechanism for the 
cyclic pain suffered from many chronic neck pain subjects.
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8. FUTURE DIRECTIONS 
According to the findings presented in this thesis, future research could be directed 
towards profiling and phenotyping neck pain patients based on sensitization 
parameters.
The present studies suggest that CS features may be present in both traumatic and 
non-traumatic neck pain subjects, and this should be further investigated in 
longitudinal studies for understanding the time course of CS development and 
progression, as the time may play a very important role in the progression of 
sensitization.
Also the role of health status on sensitization needs to be investigated in more details 
and in longitudinal studies, with focus on which specific medication or medical 
conditions, which may add individually to the sensitization processes.
An aspect not investigated in this thesis is the role of psychological factors: 
depression, mood disorders, anxiety should also be investigated in future research as 
may be present in neck pain subjects and have a relationship with the sensitization 
progression.
Other future aspects not yet investigated, as genetic factors, should be studied as 
they may help understanding why CS may develop easily and/or faster in some 
patients.
A model targeting the periphery (like done in paper II) may help in reducing the 
peripheral nociceptive input, but a multimodal study in which the most sensitized 
subjects receive also specific centrally-acting medication or psychological 
intervention may provide additional clinical information improving the management 
of the most sensitized neck pain subjects, and possibly avoid such a high rate of 
chronicity of neck pain.
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9. PERSONAL REFLECTIONS 
Managing a PhD project in the last years together with my daily clinical activity has 
been very stimulating and challenging at the same time.
Translating evidence from scientific research into clinical practice is not always an 
easy process, as the two worlds are often more distant they should be.
Lack of time, routine intervention, patient habits, physical therapist habits, are all 
factors that may complicate this translational process.
Nevertheless, from a clinical point of view, this project consistently changed the 
way I work with the day-to-day treatment of neck pain patients.
The first main change is due to the huge amount of scientific papers that opened my 
mind (from the more theoretical to the more practical ones). Being constantly 
updated on the recent literature about the clinical problems that you deal with 
everyday in the clinical setting should be mandatory, but in reality it is not so easy 
and always possible to stay updated.
The result is being more confident in what I do, in the way I  apply clinical 
reasoning, in the way I interact with patients, and finally on the techniques I  apply.
Furthermore, giving information to the patient about the latest research results, their 
dysfunctions, their treatment, and their prognosis, is for sure a procedure that gave 
me  more credibility: talking of my own research project, immediately makes me an 
“expert” of that specific field for the patients.
This brings many patients easier and faster into a therapeutic alliance, and thereby 
increasing the chances of obtaining good outcomes.
The medical history investigation and the assessment procedure has consistently 
changed compared to few years ago: our findings supported how important is to 
understanding if the patient sitting in front of you has CS features or not. This may 
help in the decisional process of which could be the best therapy, if other treatments 
and professional figures are needed, and in formulating an idea on the outcome.
Information about the general health status (medication, medical condition, surgical 
operation, musculoskeletal pain) are now always investigated in more details, as 
they may reveal information about the sensitization.
Furthermore, the studies have strengthened my TrPs assessment in neck pain 
patients, as our findings  support the importance of TrPs in neck pain patients, and 
their treatment may substantially influence the final outcome being active TrPs 
associated with widespread pressure pain hypersensitivity.
At the same time the findings have suggested that often CS patients may clinically 
show improvement (as happened in study II), but this may not necessarily reflects in 
lowering CS levels, and this explained me why so many patients with neck pain 
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